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A

NOTICE

This report was prepared as an account of Government sponsored
work, Neither the United States, nor the National Aeronautics and
Space Administration (NASA), nor any person acting on behalf of NASA:

A,) Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, apparatus,
method, or process disclosed in this report may not
infringe privately owned rights; or

B.) Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method or process disclosed in
this report,

As used above, ''person acting on behalf of NASA" includes any
employee or contractor of NASA, or employee of such contractor,

to the extent that such employee or contractor of NASA, or employee
of such contractor prepares, disseminates, or provides access to,
any information pursuant to his employment or contract with NASA,
or his employment with such contractor.
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HIGH TEMPERATURE HYDRAULIC SYSTEM
ACTUATOR SEALS FOR USE IN ADVANCED
SUPERSONIC AIRCRAFT

by
J. Lee

ABSTRACT

This report covers the second six month period of a program fo investigate
seal materials and to design seals for high temperature hydraulic actuator applica-
tion. Work has progressed in the design and fabrication of the seal test rigs,
materials evaluation, seal design and selection of candidate seal designs. The
test rig for evaluating one-inch rod seals has been fabricated and checked out at
temperatures ranging from room temperature to 600°F. Evaluation of seal materials
is essentially complete and selection of candidate materials for further evaluation
has been accomplished. Selection of candidate seal designs for further development

has also been accomplished.
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HIGH TEMPERATURE HYDRAULIC SYSTEM
ACTUATOR SEALS FOR USE IN ADVANCED
SUPERSONIC AIRCRAFT

by J. Lee

Fairchild Hiller
Republic Aviation Division

SUMMARY

This report describes activities completed during the second six-month period
of NASA Contract NAS 3-7264, ending 31 March 1966. The object of this program
is to develop hydraulic actuator seals intended to function reliably for 3000 hours
in the temperature range of -40 to +600°F. In order to achieve this objective, the
work being performed provides for the investigation of advanced materials and the

development and test of seal concepts.

As of this reporting period, progress was made in the following areas:

o Design, fabrication and checkout the seal cycling rig

° Fluid compatibility, mechanical properties, and sliding wear test
of seal materials

L Selection of candidate seal materials

o Design, test, and selection of candidate seal designs

® Evaluation of candidate seal designs

Checkout of the one-inch seal cycling rig at room temperature, 400°F, 500°F,
and 600°F has been accomplished. Operation of the rig with Polymer SP V-seals
in the test actuator was satisfactory. Work on the three-inch seal test rig has been
initiated, Evaluation of seal materials for fluid compatibility, mechanical proper-
ties and sliding wear characteristics is essentially complete. Five materials were
selected and approved by NASA for further investigation. These were: silver-
copper alloy, nickel Foametal impregnated with CaF2 + Ban, Vascojet 1000,



cobalt molybdenum alloy, and Polymer SP.

Additional efforts were devoted to developing concepts for the second-stage
seal, Tests conducted on a metallic lip seal fabricated of Vascojet 1000 indicated
zero leakage operation up to 400°F, Low friction is one of the attractive character-

istics of this configuration.

A rating system was developed to aid in the evaluation of the numerous seal
concepts. Based on this rating system, four basic seal designs were selected from
approximately 17 candidates for further development. The four basic designs
provide for the following five seal-material combinations: |

1) V-seal with Polymer SP

2)  Lip seal with Vascojet 1000

3) Lip seal with cobalt molybdenum
4)  Wedge seal with nickel Foametal

5) Reed seal with silver alloy and Vascoj et 1000 or silver alloy with
cobalt molybdenum

Detail design and testing have been initiated of the V-seal and two lip seal
configurations.

INTRODUCTION

The concept of sustained supersonic ﬂight has become a reality within the
past several years and the trend for the future is toward the development of even
higher speed aircraft. As operating conditions become more severe with succeed-
ing families of vehicles, design margins will decrease substantially. Not the least
to be affected by these considerations are hydraulic system components, particularly
the dynamic seals., Elastomeric seals are now meeting the requirements of current

1rcraft operatmg in the temperature range of -65°F to +275°F, However, the
temperature extremes anticipated for future air vehicles wﬂl impose mgmflcantly
greater demands on these materials and will limit thelr use. For example, recent
research programs on high temperature seals, conducted by Republic and summar-
ized in ASD-TDR-63-573 and ML-TDR-64-266, indicate that the maximum operating



temperature permissible with present day elastomers is 400°F,

The objective of this present program is to investigate advanced materials
and seal concepts for potential use in fluid power systems of future supersonic
aircraft. This investigation is therefore directed to dynamic rod seals intended
to function efficiently for 3000 hours in the temperature range of -40°F to +600°F,

and operating pressures to 4000 psi.

Emphasis is placed on integrating material properties and seal design to

obtain the optimum seal-material combination. The specific tasks to be accom~

plished are:

Task I - . Preparation of existing test facilities and design and fabrica-
tion of seal test actuators and fixtures.

Task @I - Selection, procurement and evaluation of candidate seal
materials,

Task I -  Design of seals for the one and three-inch rod sizes,

Task IV -  Low pressure testing of one and three-inch rod seals at
temperatures of 400°F, 500°F and 600°F,

Task V. -  Long-term testing of the most promising seal-material
combinations in the one and three-inch rod sizes.

Task VI -  Development and evaluation of a single-stage high-pressure

rod seal in the one-inch rod size.

Detailed discussion of the progress made in above tasks is presented in the

following sections,






TASK I - FACILITIES AND EQUIPMENT

A, GENERAL

Activities within this task were centered on the design and fabrication of the
one-inch and three-inch seal test rigs. All seal test actuators for these rigs have
been received. The one-inch seal test rig has been completed and checked out
at room temperature to 600°F. Work on the three-inch test rig is approximately
40 percent complete. Calibration of strain gauges for measuring seal friction

has been initiated,

B.. SEAL TEST ACTUATORS

Three each of the one-inch and three-inch seal test actuators have been
fabricated. These will be used in both the low pressure (Task IV) and high pressure
(Task V) test phases. During the fabrication of these actuators, some difficulties
were encountered in obtaining the proper surface finish on the piston rods because
of the limitation of the vendor's equipment, Consequently the piston rods were

finished by another source.

A typical test actuator is shown in Figures 1 and 2. The actuator consists of
a double-ended cylinder with removable seal glands on each end. The actuator
housing is fabricated of 17-4PH corrosion-resistant steel, Piston rods are fabri-
cated of Type 440C stainless steel and plated with hard chromium. The seal
cavity is designed to accommodate various seal configurations. ILeakage ports
are located so that leakage from the static and dynamic portion of the rod seal
can be measured separately. A barrier seal is provided in the cylinder to simu-
~ late the pressure conditions in a typical actuator. For example, during piston
rod extension, chamber No, 1 senses high pressures while chamber No. 2 is
vented to return. During piston rod retraction, the pressure conditions would be
reversed. The advantage of this design is that the piston head is not required,
thus eliminating the need for heavy structural members to externally load the

actuator.



Test Actuator

Figure 1.
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C. SEAL TEST RIG

Fabrication of the one~inch cycling rig for low pressure testing has been
completed. As shown in Figure 3, the rig consists of a seal test actuator and
driving actuator. The test actuator is trunion mounted in the oven and driven
through a bell crank., The driving actuator located outside of the oven is a mechan-
ical input servo controlled type. The servo valve input link is connected to an
eccentric cam which is driven by a variable speed motor, Thus, the length of the
piston rod stroke and cycling rate can be varied by adjusting the cam radius and

motor speed, respectively.

A schematic of the hydraulic system for the test rig is shown in Figure 4.
The system consists of a power circuit and test circuit. The power circuit supplies
pressure from a hydraulic mule to the driving actuator. The test circuit is com~
prised mainly of a booster pump, which is used for filling, and an accumulator
for maintaining fluid pressure during testing., Leakage lines from the test actuator
are brought outside of the oven to facilitate constant monitoring during testing.
Thermocouples are strategically placed to measure ambient conditions, actuator
skin temperature and seal temperature. Thermocouples for monitoring seal

temperatures are placed inside the actuator adjacent to the test seal.

Operational checkout of the test rig has been accomplished at room tempera-
ture, 400°F, 500°F, and 600°F. The test rig was operated for a total of 23 hours.
During the operation the seal test actuator, which was assembled with Polymer SP
V-seals, was cycled at rates of 20 cpm (+2-inch stroke) and 300 cpm (+1/8-inch
stroke). Pressure in the actuator was 100 psi. Operation of the rig and test
actuator was satisfactory. However, it was found that a circulating fan was needed
in the oven chamber to provide better heat distribution. The strain gauge for moni-
toring seal friction was calibrated at room temperature and is now installed in the

actuator for high temperature checkout.

Work on the three-inch cycling rig is now in progress.
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D. STRAIN GAUGE CALIBRATION

The strain gauge for measuring seal friction, a temperature compensated
type, is manufactured by Microdot Inc. As shown in Figure 5, the gauge is
mounted on the shank of the rod end bearing, The rod end bearing is in turn

attached to the piston rod of the seal test actuator and the driving bell crank,

% /8 7HY

T NMALE ROD ENC

.

548 D/A.(43/ S5)

Figure 5. Strain Gauge - Rod End Installation

Calibration of the strain gauge was accomplished on a lathe as shown in
Figure 6. The rod end was held firmly in the tail stock while the load cell was
held in the chuck. A steel bolt connected the rod end to the load cell.

Figure 7 shows the strain in micro-inches versus load, obtained both in
tension and compression. This curve was obtained by applying loads in increments
of 100 pounds to the rod end, and measuring the strain in micro-inches correspond-
ing to the various loads. It was noted that the strain versus load curve in compres-
sion is much steeper than the corresponding curve for tensile loads. This additional
strain in compression was caused by bending loads which were induced in the rod
end, These bending loads may be balanced out by the addition of a second strain
gage located diametrically opposite to the existing one on-the shank of the rod end
bearing. A mathematical check of the tensile strain at 200 pound load is shown on

the following page.

11
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P = 200 lb, E = 29,000, 000
A = ,235 L. = effective gauge length = .50 inch
P _a_
AT S = 850 Ib.

_ PL _SL
E=Xe =%

_ 850 x .50 in,
€ = 29,000, 000

¢ = ,0000146 inch

This value approximates very closely the strain at 200 pounds for the tension part

of the load versus deflection curve,
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TASK II - MATERIALS EVALUATION

A. GENERAL
Fluid compatibility, sliding wear tests, and mechanical properties tests

were accomplished on essentially all of the candidate seal materials.

The candidate seal materials are listed below.
1) Unfilled Polymer SP. Alternates: (a) 15% graphite filled,
(b) 30% bronze filled, (c) 20% copper filled.

2) Polymet. Alternate: Westinghouse 75% silver, 20% polyimide,
5% tungsten diselenide composite.

3) Silver impregnated stainless steel fiber composite.
Alternate: silver impregnated nickel fiber composite.

4) Silver alloy (72% silver, 28% copper). Alternate: silver alloy
(60% silver, 40% copper).

5) Nickel Foametal (60% density, impregnated with an eutectic
mixture of calcium fluoride and barium fluoride).

6) Westinghouse 70% silver, 30% tungsten diselenide composite.

7) Cobalt alloy (75% cobalt, 25% molybdenum). This material
supplied by NASA,

8) Titanium alloy (84% titanium, 16% tin)., This material
supplied by NASA,

9) Metco flame-plated molybdenum (burnished with molybdenum
disulfide).

10) Tool steel (Vascojet 1000).

Fluids tested in combination with the materials cited above were the same
fluids under investigation in Republic's Hydraulic Fluids Evaluation Program

(Ref. 1). These fluids are shown on the following page.

15



1) F-50 Silicone
2) M CS-3101 Halogenated Polyaryl
3) M CS-293 Modified Polyphenyl Ether
4) PR-143-AB Fluorocarbon |
'5)  MLO-60-294 Super Refined Mineral Oil

B. FLUID-MATERIAL COMPATIBILITY

Fluid-material compatibility tests were sequentially conducted at 600°F,
400°F, and 500°F with the candidate fluids and seal materials. The test apparatus,
as previously described in NASA CR-54496, is shown in Figures 8 and 9. To
prevent intermixing of fluids between manifolds, the apparatus was modiﬁed

by replacing the check valves with positive shut-off manual valves.

As shown in Figure 10, the test specimen, which is approximately 7/8-inch
in diameter, is kept in face contact with a polished, hard chromium-plated stain-
less steel button by means of a screw and spring assembly. This arrangement
provides a constant contact pressure between the test specimen and button at
elevated temperatures. Hardness readings were taken on the bulk material prior
to machining the specimens. The specimens were weighed prior to testing, Each
specimen was inserted in a capsule as shown in Figure 11, The capsules were
fabricated from one-inch diameter stainless steel tubing. Approximately 25 ml
of fluid were used in each capsule.

1. Fluid-material Compatibility at 600°F

For the 600°F run the following materials were evaluated:

a) . Westinghouse composite (70% silver, 30% tungsten diselenide)
b) Silver alloy (72% silver, 28% copper)

c) Westinghouse composite (70% silver, 25% polyimide, and 5%
tungsten diselenide) ~ alternate material

d) Silver-stainless steel (Type 430) composite
e) Silver-nickel composite - alternate material

f) Nickel Foametal impregnated with calcium fluoride and
barium fluoride

g)  Vascojet 1000 (H-11 tool steel)

16
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h) Titanium tin alloy
i) Cobalt molybdenum alloy

j) Metco flame-plated molybdenum (titanium base material)

The above materials were tested with F-50, MCS-293, PR 143AB,
and MLO 60-294 fluids. Polymer SP and Polymet, which are prime candidate
materials, were not included in the test with the foregoing fluids since previous
testing (Ref. 2), indicated that they were compatible, This provided an oppor-
tunity to obtain data on two alternate materials. The MCS-3101, fluid which
exhibited poor thermal stability in previous testing at 600°F (Ref, 2), was virtually
eliminated from further consideration as a 600°F fluid. However, a limited number
of MCS-3101 fluid samples were included in the current tests to verify results
obtained in the previous test. These samples were evaluated in four separate test
tubes apart from the main test apparatus. One tube contéined the MCS-3101 fluid
as the control; the other three tubes contained Polymer SP, Polymet, and the
silver-stainless steel (Type 430) composite, respectively.

All the fluids completed the 150 hour test at 600°F. General condition
of the fluids and material specimens are shown in Figures 12 through 15,
Changes in the viscosity and acidic condition' of the fluid samples, and hardness
changes of the materials specimens are summarized in Tables 1 to 4, In general,
the results indicate that fairly good compatibility exist between the candidate seal
materials and PR-143AB, MCS-293 and MLO-60-294 fluids. The exceptions were

as follows:

a) Westinghouse composite (70% silver + 30% tungsten diselenide)
was not compatible with the F-50 silicone. The fluid crystalized
in the tube.

b) Silver-stainless steel (Type 430) composite exhibited slight
corrosion with the F-50 silicone.

c) Vascojet 1000 exhibited slight corrosion when exposed to air
after being in contact with F-50 silicone.

The F-50 silicone fluid appears to be unstable at 600°F. A considerable
increase in viscosity and acidity was exhibited by this fluid. The control fluid, in

particular, showed a viscosity of 997 centistokes at 100°F, as compared to the

20



F-50 PR-143AB MCS-293 MLO-60-294
Silicone

70% Ag. 25%
polyimide, 5%
tungsten
diselenide

Silver alloy
72%Ag +28% Cu.

70% Ag
30% tungsten
diselenide

Silver - S.8.
Composite

Silver-
Nickel
Composite

Nickel Foametal
Impregnated

W/CaF2 + BaF,

Vascojet 1000

Titanium -
tin alloy
(10% tin)

Cobalt-
molybdenum
alloy

Flame-plated
Molybdenum
Coating

Figure 12. Test No. 2 - Material Specimens After Test at 600°F
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Test No. 2 - F-50 Silicone and PR-143AB After Test at 600°F

Figure 13.
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original viscosity of 48.18 centistokes. High acid numbers (mg KOH/g), were
exhibited by the fluid samples containing the silver alloy (72% Ag, 28% Cu ) and

the nickel Foametal impregnated with CaF2 and BaF,_,. Acid numbers for these

fluid samples were 20.2 and 19. 0 (mgKOH/¢g), respezctively. The fluid sample
containing the silver-tungsten diselenide composite material crystalized in the
tube, Discussions held with the producer (Westinghouse) of this material revealed
that the incompatibility may be due to an alloying element in the silver. It was also
discovered that the F-50 fluid containing the Metco flame-plated molybdenum speci-
men solidified in the bottle (Figure 13 ) approximately one month after testing.
This condition was believed to be caused by the evaporation of the light ends of the
fluid when exposed to air during the fluid analysis work,

As experienced previously,the MCS-3101 fluid once again exhibited
considerable degradation., Fluid breakdown was evidenced after 50 hours of testing
when the fluid pressure in the tubes started to build up from the initial 15 psi pre-
charge. At the completion of the test, pressure in the tubes containing the control
sample, Polymet, silver-stainless steel composite, and Polymer SP, was 85, 85,
110, and 150 psi, respectively. The control sample was extremely viscous and

black, The fluid containing the material specimens was paste-like in appearance.

2. Fluid-Material Compatibility Testing at 400°F

Fluid-material compatibility testing at 400°F was conducted with fluids
that did not perform satisfactorily'at 600°F, The fluids retested were F-50 sili-
cone and MCS-3101., The MCS-3101 fluid was tested with all ten candidate seal
materials. The F-50 silicone fluid which exhibited a high acidic condition when in
contact with certain candidate seal materials at 600°F, was tested with only those

materials in question.

Both fluids completed the 150-hour test. However, results obtained
with the MSC-3101 fluid were questionable because of the removal of the bulk of
the fluid from the test capsules by vaporization during the degassing process,
This was not discovered until the test was completed. Normally, fluid degass-
ing is accomplished at appro;;imately 250°F with a vacuum of 30 inches of Hg.
However, during the last three hours of the 72-hour degassing period the oven-
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inadvertently heated to about 375°F to 400°F. At this temperature the MCS-3101
vaporized and was drawn out of the tubes by the vacuum ‘pump. However, degassing
at this temperature did not appear to affect the F-50 silicone fluid since the fluid
was intact in the tubes after testing.

Results of the silicone fluid run are summarized in Table 5. As shown
in Figure 16, the fluid was slightly discolored. The seal material specimens
(Figure 17) were virtually unaffected at 400°F. The high acidic condition exhibited
at 600°F by the silicone fluid when in contact with the nickel Foametal (impregnated
with Can + Ban), silver alloy, silver tungsten diselenide composite, and the
silver-stainless steel (Type 430) composite was not present at 400°F. Variations

in viscosity were also minor,

Due to the loss of the MCS-3101 fluid, there was not sufficient fluid
remaining in the tubes to perform any fluid analysis. However, the material
specirhens appeared to be in good condition. A repeat of the 400°F run with
MCS-3101 fluid has been completed, and the fluid and material specimens are

now being analyzed.

3. Fluid-Material Compatibility Testing at 500°F

Fluid-material compatibility testing at 500°F was conducted with
MCS-3101 and F-50 silicone fluids. The MCS-3101 fluid was evaluated with the
ten candidate seal materials., The F-50 silicone fluid was evaluated with only
those seal materials that indicated some incompatibility at 600°F. These were:
nickel Foametal, silver-copper alloy, silver-tungsten diselenide composite, and
the silver-stainless steel composite,

Results 6f the run made with F-50 silicone fluid are summarized in
Table 6. With thé exception of the silver-stainless steel composite, which exhib-
ited slight corrosion, the F-50 fluid produced minor effects (Figure 18) on the
material specimens at 500°F. The chrome-plated (440C) test buttons were in good
icondition except for slight corrosion on the button which mated with the silver-
stainless steel composite. The high acidic condition exhibited by the F-50 fluid at
600°F was not present at 500°F. Variations in fluid viscosity were also minor.

General condition of the fluid samples is shown in Figure 19,
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Figure 16. Test No., 3 - F-50 Silicone After Test at 400°F

Nickel Foametal 70% Ag Silver Alloy Silver - S.S.
Impregnated 30% Tungsten 72% Ag + Composite
w/ CaF, +BaF, diselenide 28% Cu

Figure 17, Test No. 3. - Material Specimens After Test at 400°F
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MCS-3101 F-50 Silicone

Cobalt- molybdenum
alloy

Titanium - tin
alloy (10% tin)

70% Ag, 30% tungsten
diselenide

Silver alloy
72% Ag + 28% Cu.

Nickel Foametal Impregnated
w/ CaF, + BaF,

Flame-plated Molybdenum
coating

Polymet
(silver-polymer composite)

Silver - S.S. Composite

Vascojet 1000

Polymer SP

Figure 18. Test No. 4 - Material Specimens After Test at 500°F
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Test No. 4 - F-50 Silicone and MCS~3101 After Test at 500°F

Figure 19.



Data on the run made with the MCS-3101 fluid are summarized in
Table 7, Discoloration of the fluid samples (Figure 19) was quite noticeable; it
ranged from dark amber to a very dark color. Variations in viscosity at 100°F and
210°F were minor when compared to the untested fluid. With the exception of the
fluid sample that was in contact with the silver-tungsten diselenide composite, the
fluids exhibited only nominal changes in acidity. Figure 18 depicts the condition
of the material specimens. A heavy dark deposit of fluid was noticed on both sides
of the silver-tungsten diselenide composite. The silver copper alloy exhibited a
dull finish on the mating side and a dark coating on the opposite side. Evidence of
corrosion was noticed on the silver-stainless steel composite. The remaining
material specimens exhibited practically no change. The mating buttons all exhibi-

ted some coating or deposit on the unplated side.

C. SLIDING WEAR TEST

Sliding wear tests were conducted on a majority of the candidate seal
materials to determine their apparent wear characteristics when subjected to
reciprocating motion against a hard chrome-plated piston rod. Initially, it was
intended to conduct tests only on the hard base materials because some doubt
existed as to their compatibility in sliding contact with hard chrome plate. How-

ever, these tests were extended to include the soft base materials as well.

The reciprocating wear tester, shown in Figures 20 and 21, was used to
simulate a reciprocating rod seal arrangement. It consists of a chrome-plated
Type 440C stainless piston rod (Hardness Rc 53) and a stationary test specimen.
The piston rod is supported on both ends by linear roller bearings. A variable
speed motor is used to vary the reciprocating speed of the piston rod. The cross-
section of the test specimen consists of a segment of a circle with a radius con-
forming to the radius of the piston rod. The specimen is mounted in a keyed slider
that is attached to the loading arm. A guide block with a thumb screw adjustment
permits vertical motion of the arm, but prevents any side motion. Contact pres-
sure between the test specimen and piston rod is varied by adjusting the weight
attached to the loading arm. Running surfaces are immersed in an F-50 silicone
fluid bath. The assembly is closed off to provide a nitrogen atmosphere over the
degassed silicone fluid.
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All tests were conducted on the same piston rod. The rod was shifted to
a new position for each test to ensure that an untested surface was used. Testing
was conducted with a piston rod stroke of .5 inch at surface speeds of .8, 1.6,
and 2.5 inches per second. The material specimens were run at contact pressures
of 300, 600, and 1200 psi. " Failure of a specimen was defined as a two-fold in-
crease over the initial running friction determined for a given contact load. When
failure occurs, shut-down of the test is automatic. This is accomplished with a
calibrated spring capsule attached to the piston rod and connected in series with
the driving motor. When friction exceeds the preset load of the spring capsule,

the electric contact is broken and the driving motor shuts down.

Test results are summarized in Table 8. The condition of the wear speci-
mens and their respective mating surfaces is shown in Figures 22 and 23, In
general, the results show that of the hard base materials, the Vascojet 1000
and cobalt-molybdenum alloy did not produce any significant surface damage to
the chrome plating. Although the titanium-tin alloy exhibited good compatibility
with chrome plate, its wear rate was rather high. The flame-plated molybdenum
coating produced scratching of the chrome plating at contact pressures above
300 psi. One difficulty encountered with this material is in obtaining a good
uniform surface finish., All of the soft materials tested exhitited low wear and

good compatibility with chrome plating.

When examining the specimens after testing, it was noticed that they did not
make full contact with the piston rod. Thus, the materials were tested under
contact stresses that were approximately 25 to 50 percent higher than the calcu~
lated values,

Testing of the Vascojet 1000 material was terminated after :ompleting
147,300 inch-cycles at contact pressures up to 1200 psi. Inspection of the piston
rod and specimen showed no evidence of scoring. The specimen indicated a
weight loss of appiosimately . 0011 gram, However, light burnishing marks

were visible on the chrome plated surface of the piston.

40



weasd 8000 *0 0°2¢8 0°T1 000002  000°60T B4 0°¢ 0021
0°8 000 “2¢ 9'1 0°¢ 009

0°ST 000 ‘68 8°0 A4 008

weIs 61000 S ¥e 031 000°00%3 000 ‘OTT g3 L1 00321
0TI 00% ‘18 9°'1 ST 009

G 11 009 ‘%8 80 01 008

weas $000 "0 G %8 0¥ 000 ‘002 000 ‘0TI G2 g1 0031
G 0T 00T ‘28 91 6" 009

011 006 ‘28 8°0 6" 008

weIs %000 °0 g'Gge 0%l 000°002 000 ‘80T g2 0°'2 003t
G°'6 002 °‘SS 91 €T 009

031 008 ‘88 8°0 2T 008

urexd 1100 °0 g'6e  0°€T  000°00% 000 ‘€IT g2 g3 00321
0°01 009 ‘L% 91T 0°3 009

g3l 00¥ ‘68 80 0°2 00€

wexd $00 "0 G '8¢ g'q1 008 °9TZ 006 ‘61T 4 '3 0021
0°11 008 ‘%9 9°T 2% 009

031 008 ‘18 80 %1 008

weas 161 0 g Q1 G2 008 ‘%S 008 ‘%1 9°1 0% 009
g* 00¥ 80 0'2 009

g°21 009 ‘68 80 81 00§

wreas 1100 ° SI¢ g9 00£°2%1T 00T ‘€S G2 0°2 0021
g 006 ‘6% 9°1T 02 009

0% 008 ‘%9 80 ST 008

gowiroads (saq) ('say) S8104D (esom3s  ("oes/un) (sqD (1sd)
3o QWL OWILYL el u-g/1) pesdg  UOOLLI  ©aNSSOXd
sS0T WStoM  TRIOTL 891940 20BIINg Suruumy joBIU0YD

SLINSHY A0 AYVININAS - LSHAL YvVAM DNIAITIS ‘8 HTdV.L

(TerIorBW o8Bq
0001-12f008EA)
wmuspqAjol pareld
-9wiBld 00O

(eang A[reroIowiuio))
JIOATIS @ang

(D 82 + 3V %2L)
LoTIV JOATIS

JowA[od

%eg pue qep
/4 Teleweod
TO30IN

~

Loty
WNUOPGATOIN
-11840D

Lorty wIL,
WNTUe,

0001 -%efoosEA

uswioadg
TBLI91BIN

41



Titanium-Tin Alloy (10% Tin)

Flame-Plated Molybdenum on Vascojet 1000
(Burnished with Molybdenum Disulphide)

Wear Specimen 4x Magnification Chrome Surface 25x Magnification

Figure 22. Sliding Wear Specimens and Chrome-Plated Mating Surfaces
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Commercially Pure Silver

Wear Specimen 4x Magnification Chrome Surface 25x Magnification

Figure 23, Sliding Wear Specimens and Chrome-Plated Mating Surfaces

43



Testing of the titanium alloy, which consisted of 10% tin by weight, was
terminated after 15. 5 hours of cycling when excessive wear was observed at
the 600 psi load level. Although this material exhibited a high wear rate (approxi-
mate weight loss of . 131 gram), the material did not produce any galling or
other damages to the chrome plating, Hardness of the test specimen was Rc-36.
The wear particles from the test specimen were dispersed in the F-50 fluid,
which turned black. However, after filtering the fluid through a five micron

filter paper, the fluid regained its original color,

Testing of the cobalt alloy specimen (2% molybdenum by weight) was ter-
minated after 38,5 hours of cycling. This material, which has a hardness of
Rockwell B-86, showed very good compatibility with the chrome plated piston
rod. Wear rate was very low in comparison to the titanium alloy. Weight loss

was approximately . 004 grams after 216,500 cycles.

In the test on the flame-plated molybdenum coating, the coating was
applied over a Vascojet 1000 base material and ground to an apparent finish of
4 rms., The coating was then burnished with molybdenum disulphide powder in

an inerted atmosphere.

Testing of this material. was terminated after 32 hours of operation. The
molybdenum coating showed good wear resistance. Weight loss of the specimen
was approximately . 0008 gram after 200, 000 cycles. Although the weight of the
specimen prior to burnishing with molybdenum disulphide was not taken, it is
quite conceivable that part of the weight loss is attributed to the loss of the
molybdenum disulphide powder. Inspection of the piston rod revealed a highly
burnished surface with a series of light longitudinal scratches. Burnishing of
the surface was firét noticed during cycling at a contact pressure of 300 psi.

Evidence of scratching was exhibited when contact pressure was increased to
600 psi.

The nickel Foametal impregnated with Can and BaF,, which has a hard-

2,
ness of Rockwell F-87, exhibited very low wear during 200, 000 cycles. Weight
loss due to wear was approximately . 0017 gram. Compatibility with the chrome

plated piston rod was good.
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The Polymet composite and the silver alloy (72% Ag + 28% Cu) exhibited very
low wear after 200, 000 cycles. Weight loss was . 0004 gram for both materials.

No wear marks were noticed on the chrome plated piston rod.

The pure silver showed a much higher wear in comparison to the silver
alloy and Polymet. Weight loss due to wear was . 0019 gram. The pure silver
material was included in this series of wear tests for the purpose of obtaining
an indication of the wear characteristic of the silver-impregnated stainless steel
fiber composite. In the fabrication of seals with this composite material, a

. coating of silver will be retained on the contact surface of the seal to prevent
the metal fibers from coming in contact with the piston rod. Therefore, the
wear characteristic of the silver-metal composite is quite dependent on the

wear resistance of the pure silver,

D. ME CHANICAL PROPERTIES TESTING

Mechanical properties tests were conducted on a cobalt alloy (75% cobalt

and 25% molybdenum), Results obtained at 600°F on two miniature tensile speci-

——
gy -e——

mens are shown below:

Spec. #1 Spec. #2
Modulus of elasticity, psi 30x 106 30x 106
Tensile yield strength 117,100 116,842
(. 2% offset), psi
Ultimate tensile, psi 148,950 146,315
% Elongation 1.2 1.1

Some difficulty was encountered initially in cutting the material. However,
the material can be readily cut with a Buehler abrasive cut-off machine, Machin-
ing of the specimens was accomplished by using a carbide tool bit together with
a slow speed and light cuts.
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E. MATERIAL SELECTION

Selection of the five candidate seal materials was based on fluid compati-
bility, mechanical properties (Table 9), and sliding wear tests (Table 8).
The materials recommended by Republic for the seal design phase (Task III),
have been approved by NASA. These materials are:

a) Polyimide plastic (unfilled)

b) Nickel Foametal 60% Dense (impregnated with Can and BaF2)
c) Silver alloy (72% Ag + 28% Cu.)

d)  Vascojet 1000

e) Cobalt molybdenum alloy (75 Co, 25 Mo)

The unfilled polyimide plastic (Polymer SP), exhibited good fluid compatibil-

ity and temperature resistant up to 600°F. The mechanical properties of the
material appear adequate for seal configurations such as V-seals and lip seals.
For the latter design, the rolled sheets are preferred over the billet form of the
material because of their improved flexibility and higher elongation.

The nickel Foametal impregnated with an eutectic mixture of CaF_ and BaF

was selected from several soft base metals. The self-lubricating poten%cials and ’
good wearing qualities are desirable features of this material. Mechanical proper-
ties are also adequate for soft metal seal application. Results obtained in the
fluid-material compatibility tests at 600°F indicated that the silicone fluid in
contact with the Foametal exhibited a high acidic condition, However, this condi-
tion may be due to breakdown of the silicone fluid itself. Fluid compatibility tests
conducted at 500°F and 400°F showed no evidence of high acidity in the silicone
fluid, Compatibility of this material with PR-143AB, MCS-293, and MLO-60-294
is good.

The silver alloy consisting of 72% Ag + 28% Cu was selected from among
the silver base materials. The copper content of the silver alloy provides a
harder material, which should result in better wear resistance than the pure
silver materials., Sliding wear tests verify this assumption. ‘The mechanical
properties of this material\appear to be well suited for soft metal seal applica-
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tions. Results obtained in the 600°F fluid compatibility test indicated that the
F-50 silicone fluid became quite acidic after being in contact with this material.
However, partial brea.kdown of the silicone fluid may have been a contributing
factor, The acidic condition of the fluid was considerably lower at 500°F and
negligible at 400°F. Its compatibility with the PR-143AB, MCS-293, and
MLO-60-294 fluids was good.

Vascojet 1000 is a tool steel type material that is suited for hard metal

seal application, This material is capable of retaining high strength at elevated
temperatures. It has also demonstrated low wear and fairly good compatibility
in sliding contact with chromium plating,

Cobalt-molybdenum alloy (75% cobalt, 25% molybdenum). A sliding wear

test conducted on a cobalt-molybdenum alloy of similar composition indicated low
wear and good compatibility with chromium plating. Compatibility with fluids is
good. High temperature mechanical properties of this alloy appear quite suitable

for hard metal seal application where good tensile properties are required.

Among the materials not selected was the silver-tungsten diselenide com-
posite, which was grossly incompatible with the F-50 silicone fluid at 600°F.
The silicone fluid in contact with this material crystallized. Another material
not considered was the titanium tin alloy. This alloy exhibited excessive wear
when in sliding contact with chromium plating. Although the Polymet material
exhibited very low wear in the sliding wear test, it was not considered because
of the organic filler used. The filler is a fluorocarbon type polymer which may
tend to partially decompose during long exposure to elevated temperatures,

resulting in a porous silver structure,

The silver-impregnated stainless steel (Type 430) fiber composite exhibited
some corrosion effects when in contact with the F-50 silicone fluid, Therefore,
it was dropped as a candidate material. The pure silver impregnant also exhibited
higher wear than the silver-copper alloy.

The Metco flame-plated molybdenum coating which exhibited good compati-
bility with chrome plating under low load conditions, may be considered later in

the program as a wear resistant coating for hard metal seals.
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Procurement of the candidate materials has been initiated. To date, the
Polymer SP, silver-copper alloy, Vascojet 1000, and nickel Foametal have
been received. The latter material has been sent to NASA to be impregnated
with calcium fluoride and barium fluoride. The cobalt-molybdenum alloy is
‘being obtained by NASA.
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TASK III - SEAL DESIGN AND DEVELOPMENT

A, GENERAL

Efforts in this phase were directed towards further development of concepts
for the second-stage seal, preliminary seal evaluation, and selection of the best
seal_concepts. Detail design and preliminary testing of the selected seal designs
have been initiated. . Evaluation of seal concepts for the first-stage seal is also

underway.

B. SEAL DESIGNS

Included in the seal design work was a review of the rod seal configurations
investigated by Republic in past programs. Those configurations that were tested
with some degree of success were included as candidate seal designs, and are

briefly described below.

Figure 24 depicts a reed type seal which consists of a series of thin walled

elements preloaded on an assembly to provide positive contact with the piston rod.
Limited testing at 600°F and 3000 psi indicated that effective sealing can be ob-
tained. However, rapid wear of the seal and galling of the chrome plated piston

rod were major problems.

N
L N

Figure 24. Metallic Reed Seal
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The seal shown in Figure25 consists of a wedge-shaped ring held in close
contact with the piston rod by an axial force supplied by spring washers. The
spring load also acts to compensate for wear. This configuration (Ref. 4 )
gave Sa’;isfactory results up to 800°F and 4000 psi for short periods. Best
results were obtained using graphite and the silver-stainless composites as the

seal materials (Ref. 5 ).

_cTATIC SEAL

. SEALING WEDGE

Figure 25, Spring Loaded Wedge Seal

The ring spring seal shown in Figure 26 consists of two outer rings and

one inner ring. Sliding of the two outer rings occurs along the tapered surfaces
of the inner ring upon application of an axial load, resulting in compression of
the inner ring against the piston rod. This configuration has been evaluated in
the 600°F to 900°F range at 4000 psi (Ref. 5 ). Seal life is relatively short due

to low wear compensation.

Figure 26, Metallic Ring Spring Seal
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Figure 27 depicts a design consisting of an X-shaped seal and two loading
rings. Sealing is accomplished by an axial force applied to the load rings,
which in turn deflect the legs of the X into intimate contact with the piston rod;
in a similar manner, a seal is also effected on the outer diameter of the gland

to seal statically, Lack of wear compensation was the major shortcoming of

/ SEAaL

this design.

LOAD RINGS

Figure 27. Metallic X-Seal

The C-shaped seal shown in Figure 28 utilizes a slight preload to provide

initial contact at the static surface and between the seal and piston. The seal is
also pressure-energized during operation. Seals fabricated from the silver-
stainless composite have been tested up to 1000°F, Satisfactory performance
was obtained at 100 psi (Refs. 3 and 5).

Ve C-SEAL

77
/

Figure 28. Metallic C-Seal, Pressure Energized
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Figure 29 depicts a metallic lip seal currently under development by Republic.
The design of the seal provides for an interference fit over the rod to effect a seal.
In order to avoid a line contact condition, which would result in high contact
stresses at the seal interface, the design provides a contact width of approximately
. 030 to . 040-inch on assembly. This enables the sealing load to be distributed
over a relatively large area, which results in lower unit contact stresses. By
having the sealing lip facing away from the fluid, excessive build-up of contact
stresses due to the pressure of the fluid is avoided, This arrangement also
permits relieving of the sealing load at the seal interface since the fluid pressure
will tend to open the inner diameter of the seal. Such a feature could be advanta-
geous in reducing friction and wear, providing that leakage does not become ex-

cessive at high pressure,

-~ GILVER GQ(ASKET

[
LI N N o, AN
L " T N -
. \\\4\ NS N\ V
N \\ AN . / By | \
P _ __{ _\ ;\_\ N A\\\.‘\ /' / .L‘//’ \\\ \
/ 3 L. % ‘—'ﬁi' = - - .

/_BEARING LIP SEAL

Figure 29. Metallic Lip Seal
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C. PRELIMINARY SEAL EVALUATION

The metallic lip seal shown in Figure 29 was fabricated and tested to deter-
mine friction, leakage and wear under dynamic cycling. The seal, fabricated of
Vascojet 1000, was intended to provide an initial interference fit of . 0019-inch,
which would result in a contact stress of approximately 1200 psi, However, the
actual interference was approximately .0015 inch due to dimensional changes
during the heat treating process. Although assembly of the seal onto the rod was
relatively easy, several light scratch marks were visible on the chrome-plated

surface after assembly.

Seal leakage and friction measurements were made in the test fixture
(Figure 30 ) at room temperature with F-50 silicone fluid, During an attempt to
obtain leakage and friction data at higher pressures, friction values became
erratic. This condition was attributed to the O-ring that was installed on the
opposite end of the seal tester., The O-ring friction generated by the higher
pressures obscured the frictional characteristics of the metal lip seal. Conse-
quently, the O-ring was removed from the tester and replaced with a metal lip
seal, The interference fit of the second lip seal was somewhat higher (. 0019 inch)

as compared to the first seal (. 0015 inch), With the installation of the second lip

Figure 30. Seal Test Fixture
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seal, the friction and leakage measurements were rerun. The data obtained

are shown in Figure31; seal breakaway friction decreased quite rapidly with
increasing pressure. Seal breakaway friction began to level off to a constant
value at pressures between 1500 and 2000 psi. Part of the friction indicated

for this pressure range may be attributed to friction of the close fitting graphite
bearings in the tester. It was also noticed that at the point where friction leveled
off, leakage was observed from the ""A" seal (which had a lower interference fit).
Leakage started at approximately 8 drops per minute at 1500 psi and increased to

75 drops per minute at 2000 psi,

Upon completion of the above investigation, the "B' seal (see Figure 31)
was removed from the tester, replaced with an O-ring seal, and retained for
future investigations. The "A'" seal was subjected to mechanical cycling at
room temperature and at 400°F to determiﬁe the behavior of the Vascojet 1000
material sliding on chrome plate and the leakage characteristics of the seal
under dynamic conditions. During the cycling, the seals were pressurized fo
100 psi. The piston rod was cycled at a rate of 40 cpm with a stroke of 1.5

inches,
The time and cycles accumulated during this test are shown below:

Lip Seal Cycling Test

Total Cycles 34,200
Cycles - Room Temp. 18,000
Cycles - Room Temp. to 400°F 9,600
Cycles - 400°F 6,600
Total time, hrs 15.5
Time - Room Temp., hrs 7.5
Time - Room Temp. to 400°F, hrs 4,25
Time - 400°F, hrs 2,75

No leakage was observed during 7.5 hours of room temperature cycling.
However, light burnishing marks were observed on the chrome plated surface
of the piston rod. During 2.75 hours of cycling at 400°F, total leakage of approxi-

mately .25 cc was collected. This leakage represents the film of fluid that was
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carried out on the surface of the piston rod.

Test results obtained on the lip seal design indicate the feasibility of this
approach to a hard metal seal. The leakage and friction data indicate that the
seal contact load can be relieved by pressure. However, this configuration
permits load relief to take place only at the higher pressures. Since the seal
is intended for use as a second-stage low pressure seal, pressure relief is more

desirable in the lower pressure range.

Based on the above findings, the metal lip seal was redesigned to obtain
lower friction., This was accomplished by reducing the thickness of the seal
from . 009 to . 0055 inch. As a result, the radial loading was reduced from
50 to 25 pounds per inch. This produced a contact pressure at the seal interface
of approximately 600 psi. Seal interference (diametral) was calculated to be

approximately . 004 inch.

The redesigned seal was tested with F-50 silicone fluid in the seal test
fixture to determine friction and leakage characteristics. Figure 32 indicates
a substantial reduction in friction as compared to the original design. The
actual diametral interference was ., 0015 and . 0012 inch for the A and B seal,
respectively, which was considerably less than the calculated interference of
.004 inck., This difference was caused by the seals being machined oversize
at the inner diameter, Leakage of 1/2 drop per minute from the B seal was first

noticed at 600 psi and increased to 14 drops per minute at 800 psi.

Preliminary tests were conducted on the externally loaded lip seal shown
in Figure 33, to determine the feagibility of this design approach. The lip seal
was fabricated from a silver alloy (72% Ag + 28% Cu) with a seal section thickness
of . 025 inch, The diametral clearance between the seal and piston rod (chrome
plated (Type 440C) was approximately . 002 inch. Loading of the sealing lip to
achieve contact with the piston rod was readily accomplished., Seal contact
with the rod was indicated by an increase in seal breakaway friction (approxi-
mately 40 pounds at 0 psi). During the initial loading of the seal, leakage was
approximately 5 drops per minute at 100 psi using the F-50 silicone fluid. This
leakage was due to the seal not making sufficient contact with the piston rod.

Consequently, the seal was run-in for 8400 cycles (30 cpm at 2-inch rod strokes)
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and the gland nut was retightened. Following this procedure, a pressure check

of the seal was made at 100 psi with no leakage.

EST FIXTURE

-
\ STATIC SEAL ADIUSTMENT

7

a7\

e

PRESSURE — Aol

DYNAMIC SEAL ;

ADIUSTMENT

GRAPHITE BEARING /

)

LIP SERL

Figure 33. Lip Seal - Externally Loaded

0

LOAD RING

After demonstrating sufficient sealing ability, the seal was subjected to

cycling at temperatures to 400°F. Leakage collected during 6.5 hours of cycling

was 12 cc. Time and cycles are summarized below,

Run-in cycles 8,400
Cycles - room temp. to 400°F 4,200
Cycles at 400°F 9,450
Total cycles and time 22,050

4 hrs

2 hrs
4.5 hrs
10.5 hrs

Disassembly of the seal shows that an even wear pattern was obtained

around the sealing surface. Although the design was intended to be used with

spring washers for wear compensation, no springs were used in this fest since

the main purpose was to demonstrate the loading approach.

D. SELECTION OF CANDIDATE SEAL DESIGNS

In selecting the most promising concepts for the second-stage seal, a

rating system was established. The philosophy, basic approach, rating work
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sheets, and summary of the rating results are discussed in detail in Appendix A.

In brief, the rating system provided a means of selecting seal designs that
warrant further development effort, Candidate designs were rated on the following

factors deemed essential to attain program objectives.

1) Sealing mechanism - Seal conforms to rod by means of a feasible
loading technique. Appropriate stress levels and patterns are generated in the
seal element throughout the temperature and pressure range. Geometry and
behavior of elements can be predicted and controlled within workable limits.
Effective static sealing is available. Pressure does not increase leakage.

2) Wear and compensation - Seal exhibits either a low wear rate or
the ability to compensate for wear, and wears rod surface at a low rate, Wear
process is not detrimental to overall performance of seal installation (i.e. no
adverse effect on static sealing). Pressure does not increase wear.

3) Reliability - Seal fails slowly, observable over a period of time.
Rugged construction, inherently resistant to abuse in use. Redundant sealing
elements. Precise definition of operating conditions and behavior is not critical;
possesses inherent latitude to withstand pressure surges.

4) Short term potential - Knowledge of concept is available or can be
acquired in the near future. Configuration can be optimized and evaluated within
time period of program.

Seal designs that achieve a high score on the above factors are then rated
on the basis of other factors, considered desirable but not absolutely essential,

to aid in the final selection. These desirable factors are:

1) Design features - Materials exhibit compatible coefficients of expan-
sion. Rod does not require exotic plating, Friction is relatively low (for good
servo performance). Seal has a relatively high degree of self-compensation for
wear. Geometry lends to pressure balancing or pressure relief.

2) Cost - Relatively easy to manufacture (reasonable tolerance require-
ments, accessible geometry for machining), Materials are available and machine-
able,

3) Serviceability - Easy to install and remove, Does not require custom
tailoring; no special installation tools required.

4) Past experience with similar approach,

Approximately 17 designs (see Appendix A) were evaluated with the rating
system., The seal designs selected and their applicable materials are shown in
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Table 10, Of the designs selected the following were approved by NASA for

further development.

1) Design B, V-seal with Polymer SP material
2) Design I, wedge seal with nickel Foametal

3) Design AH multiple reed seal with either Vascojet 1000 and silver-
copper alloy or cobalt molybdenum alloy and silver-copper alloy.

Seal design D lip seal (refer to Table 10) with Vascojet 1000 and cobalt molyb-
denum alloy will be approved as the two remaining seal designs providing the follow-

ing feature can be incorporated in the design.

1) Fail-safe backup ring for high pressure conditions.

2) Flexibility in the lateral direction to accommodate a limited amount
of bearing wear and lateral motion.

E. DESIGN AND EVALUATION OF CANDIDATE SEALS

Detail design of the Polymer SP V-seal (design B, Table 10) has been initiated,
Sample seals have been fabricated and load-deflection tests are being conducted
to determine the ability of the seal to compensate for wear. These data will also
be used in the design of the loading springs. The test setup, depicted in Figure 34
consists of a seal gland, dial indicator, and a loading cylinder. A single V-seal
is assembled in the gland with a load ring and backup ring. The dial indicator,
which measures the lip deflection, is placed at the outer edge of the lip. Axial
loading is applied to the seal by the loading cylinder. Data obtained to date
(Figure 34 ) indicate that with the present design, a radial deflection of . 0038
inch can be obtained with an axial load of 140 pounds.

Since multiple seal elements will be used in the final configuration,
additional tests will be conducted to determine lip deflection with the seals stacked.
Tests will also be conducted to determine the effects of side motion of the piston

rod on the seal.

Investigations were conducted to determine the effectis of bearing wear

and side motion on the metallic lip seal (design D). These conditions were

62



ds JowAjoq

Yoneuiquoo (n, + 8y %gL) Loj1e xaaus
U vaano N%—« 8 :%:c%wmxm ~oE_. :nnwo

uo 138U 1¢

-woo (D %87 + 3V
%gL) Aoyie aealis

pus 000§ - 1olooseA

IvVas

(mD 48z + 3V %3L) forie 1A

Syeq+%g eD MM
19101e04 {e{OIN

m vas
~dDGIAM

[

d (LLYNYALIY)
e

2 2 ds 1eufiod (nD %8z +8v %zL) \ 1vas
Jeg + 48D ﬁgw [ejowreoy [SOIN £orre x2A1IS p ~-dI'l g
—y———
(oW g5+ 0D %g L) AoTiB
wWNuepqATOI-J[eqoed JINVS a
vds
000T-10fo0sEA g -dri a
—
¢geg + %1 80 umM
zeweod [a80IN ds xowAiod TVES-A aq
I
STVIMALYIN STVIMALYIN dAdAL NDISHA
ALYNYUELIV IANINNODTY v as TVIS

STVIMALVIN ANV SNDISHA TVIS CHANIINNODHEYE °0T ATEVL

63



STﬂF PLATE = ~
DML w,mcxmyg ik, L 7

C RADIAL DEFLECTION = /.1

005

<024

SERL GLQND

f///// =

Loord I

',.qu. e B0 12007 20 160

AXIAL LOAD ~ LBS
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simulated with the test setup shown in Figure35. The rod bearings were placed
inboard of the seals. Side motion on the rod was induced by use of Nylon screws
fitted on the end plugs. A dial indicator was placed on the piston rod (3.765 inches
from the contact point of the seal) to measure the lateral displacement of the rod.
The seal was pressurized to 100 psi using benzene as the test fluid. Benzene

was selected because its low viscosity (.7 centistoke at room temperature) is
simulative of a hydraulic fluid at 500°F to 600°F,

Tests were conducted on seals having cross-sectional thicknesses of
. 009 inch and . 0055 inch. In the testing of the . 009-inch thick seal, the rod
bearings were machined to provide a diametral clearance of , 0025 inch, Bearing
clearance for the. 0055-inch thick seal was . 004 inches. To simulate a condition
wherein wear has taken place on the seals as well as the bearings, the seals
tested had an interference fit of*. 0012 and . 0015 inch for the . 00S-and . 0055-inch
thick seals, respectively. (Design interference is .0038 to . 004 inch.)

Results (Figure 36) indicate that the thinner section seal was able to with-
stand greater lateral motion of the piston rod. For the .009 inch seal a leakage
of 2 drops per minute was first observed when the dial indicator read . 005-inch
deflection. This corresponded to a deflection at the seal of . 00275 inch, Leak-
age increased rapidly with increasing deflection. Leakage on the . 0055-inch
thick seal did not occur until a deflection at the seal of . 0041 inch was induced.

A rapid increase in leakage was also noticed with a further increase in deflection.

Calculated bearing clearances required to induce the above seal deflections
were , 00238 inch and . 0036 inch for the . 009~ and . 0055-inch thick seals, respec-
tively. A comparison was also made between the test configuration (Figure 35)
and the configuration shown in Figure 37, which has the bearings located outboard
of the seal. To obtain the equivalent seal deflection with outboard bearings,
bearing clearances of . 00328 and . 00493 inch are required for the . 009-inch and

. 0055-inch thick seals, respectively. These are calculated values.

Since bearing clearance represents bearing wear, bearings located out-

board of the seals would have a tendency to tolerate somewhat greater wear.
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Modifications to seal design D (metal lip seal) to enable it to withstand addi-
tional side motion are also being investigated. Figure 38 depicts a promising
approach, This design, which is similar to a ball joint, incorporates a flange
nestled in a mating seat. The seat also acts as a static seal. A spring washer
provides the seating force at zero pressure conditions. Nickel Foametal impreg-
nated with CaF2 and BaF2 was selected as the seat material because of the poten-
tial lubricating ability of the impregnant and good conformability of the relatively
soft nickel matrix. Figure 39 depicts the pbsition of the seal under exaggerated
side motion. Another configuration based on the same approach is shown in
Figure 40. However, this design is somewhat complex because of the separate
static and dynamic seals required.

As recommended by NASA, seal design D is also being reviewed to deter-
mine what possible means can be incorporated into the seal configuration to pro-
vide a fail-safe backup for high pressure conditions, Since the seal was designed
for optimum low pressure performance, its ability to withstand high pressures is
limited. Under normal operating conditions the seal would not be subjected to
high pressures. Even with a catastrophic failure of the first-stage high pressure
seal, pressure would build up against the second-stage seal only under conditions

of high inflow to the actuator that reached the flow limits of the downstream lines.

However, it is recognized that in the design of certain high performance
actuators, it may be desirable to build in safety features so that a catastrophic
failure of the first-stage seal does not render thé component inoperative. Such
a feature generally consists of a restrictor-check valve in the return port be-
tween the first- and second-stage seal. (The check valve prevents reverse flow
in the event of second-stage seal failure.) The restrictor limits the internal leak~-
age flow resulting from first-stage seal failure so that pressure can be maintained
in the actuator., Under these conditions the second-stage seal will be required to

withstand practically full system pressure.

The critical part of the present lip seal design is at the contact area. This
portion of the seal is stressed to approximately 110, 000 psi (hoop stress) due
to a radial stretch of . 0019 inch, (interference fit) over the piston rod. An increase

in fluid pressure would increase the induced hoop stress at this point. To prevent
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the seal from being over-stressed a backup device would be required to limitthe
deflection due to pressure. However, in order not to limit the built~in flexibility
of the seal, the clearance between the backup and the seal must be closely control-
led.

Based on the assumption that the seal can withstand a maximum hoop stress
of 160, 000 psi, (tensile yield strength of Vascojet 1000 at 600°F = 183, 000 psi)
then the allowable increase in hoop stress due to fluid pressure is:

160,000 - 110,000 = 50, 000 psi

The fluid pressure required to produce a hoop stress of 50, 000 psi is:

P 50, 000 x , 0055

.5

=5t _ _ .
=R - = 550 psi

Radial deflection of the sealing lip (from the assembled position) due to a fluid

pressure of 550 psi is:

R.D. =& (B - v§) *
E
where R = mean radius of seal
E = modulus elasticity (for Vascojet 1000 E = 23,9 x 106 at 600°F)
82 = hoop stress (S2 _ IZR)
S, = meridional membrane stress (S, = -13—11)
1 1 2t

v = Poissons ratio = .26

.5 (50, 000 - (.26 x 25, 000) )
R.D. = —2—o
23.9 x 10 ‘
R. D. = . 000908 inch

Based on this analysis, the sealing lip can expand . 0009 inch radially without
being overstressed. Beyond this point the seal will have to be backed up. In

* "Formulas For Stress and Strain, ' First Edition, R.J. Roark, p 227
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order not to inhibit the seal durilig low pressure operation or in its ability to follow
radial motion, the equivalent clearance will have to be maintained between the seal
and backup. Such a clearance would be extremely difficult to machine and main-

tain upon assembly.

An alternate approach to protecting the low-pressure second-stage seal is
to provide a fail-safe backup to the first stage seal. The backup arrangement
for the first-stage seal is shown in Figure41. This conﬁguratioh incorporates
two contracting sealing rings with a vent between them, During normal operation
the upstream seal performs the sealing function. Leakage past this seal is returned
to the system return line through the vent. The downstream sealing ring provides
only nominal sealing during normal operation,” Wear on this ring will be minimal
since it is not energized. The vent is a calibrated orifice which will accept nor-
mal seal leakage without pressure build-up. In the event that failure of the first-
stage seal occurs, the increased leakage will saturate the orifice causing pressure
to build up and energize the second sealing ring. Thus pi'essure is maintained in

the cylinder for adequate operation.

The above arrangement provides a fail-safe backup without placing tight

performance restrictions on the low pressure seal.

F. FIRST-STAGE HIGH PRESSURE SEALS

Several designs of contracting sealing rings are being investigated for
possible use as first-stage rod seals in the Task V test phase. These include
sealing rings fabricated of Graphitar grade 80, Type 440C stainless steel,
Polymer SP,. and an alloyed cast iron. Typical designs are shown in Figures 42
through 45.

Static leakage checks were obtained on the sealing rings shown in Figures-
42, 43 and 44. These were checked in the one-inch rod size, at pressures
between 0 to 4000 psi. Leakage measurements were made with the rings assem-
bled in a single-ended actuator. Leakage characteristics of these rings are
shown in Figure 46, The three-piece graphite rings exhibited fairly high leakage
at low pressures, but leakage decreased with increasing pressure, The C. Lee Cook
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three-piece metallic sealing exhibited fairly low leakage throughout the pressure
range. The two-piece Polymer SP sealing rings (Figure 44) were evaluated in
two thicknesses. Results showed that a ring of thinner section provides better
conformability and smaller gap area, and consequently lower leakage. Seal
friction was not obtainable on these rings due to the unbalanced condition of the
single-end actuator used in these tests. Leakage rate and friction of new and
used Polymer SP sealing rings of the same configuration were compared. The
used rings were tested in a previous high temperature seal program at 500°F
fluid (Ref. ML-TDR-64-266). Total test time on these rings was 166 hours,
with approximately 120 hours at 500°F. The results shown in Figure 47 were
obtained with the sealing rings assembled in the double-ended actuator used in
the above referenced program. As shown in ‘Figure 47, leakage rates of the
used rings were slightly higher at 2000 psi. At 3000 psi the used rings exhibited
lower leakage than the new rings. Seal breakaway friction varied slightly for the
new and used rings at pressures to 2000 psi.

In view of the 3000-hour life requirements for these rings, it is believed
that pressure balancing will be desirable to minimize ring wear. Figure 45
depicts a pressure balanced version of the Polymer SP sealing ring proposed by
Koppers Company Inc. for the three-inch rod size. This design provides approx-
imately 67 percent pressure balancing. The difference in contact pressures

between a balanced and unbalanced ring of this configuration is depicted below.
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Assuming the pressure gradient to be linear, the contact pressure for the

unbalance ring is:

P _ 4000

c 5 = 2000 psi

For the balanced ring, the contact pressure is reduced to:

4000
P 2 x ,038
c ———-——-————-—151_ 038 666 psi

In the above calculations the contact pressure generated by the outer ring
(shown in Figuré 45) was not included, since the spring load (approximately four
pounds) was negligible, However, it can be seen that the bearing pressufe is
greatly reduced by pressure balancing. With a pressure balanced ring, the
thickness of the ring is adjusted to keep the axial forces in balance with the
radial forces. This ensures adequate closing of the ring in the radial direction

and at the same time maintains ring contact with the gland wall.

A metallic (alloyed cast iron) version of this design is also being considered.
Another design being considered, Figure 48, is also pressure balanced, incor-
porates garter springs for radial loading and a friction backer ring for axial

springing.

RE TURN LINE PORT RETAINER

/ //// 7 _/SW_ER

—~——— P
\\GARTER_ GPRING
sSouip RiNG

SPLIT RING

N

7 /X///;“//

7x
GARTER SPRING_’/ /

PRESSURE BALANCED
SEALING RING (SPLY)

QUTER RING

Figure 48. Pressure Balanced Sealing Ring with Axial Loading Rings

81



The split sealing ring is pressure balanced to reduce friction and wear, The
friction backer ring, which consists of one split wedge ring and one solid wedge
ring, provides the axial springing to the seal to maintain contact with the groove
side. The backer ring assembly is pressure balanced. Testing of this config-
uration with Oronite fluid by the Koppers Company indicated leakage of approxi-
mately 30 cc/hr. from 300 to 3000 psi at 450°F.
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TASK IV - LOW PRESSURE SEAL TESTING

A, GENERAL

As mentioned in the discussion of Task I, operational checkout of the one-
inch seal test rig was accomplished at room temperature, 400°F, 500°F, and
600°F. The strain gauge for measuring seal friction has been calibrated at
room temperature and is being installed in the test rig for checkout at elevated

temperatures.

B. TEST PARAMETERS

Test parameters for the low pressure evaluation of candidate seal designs
have been formulated. The test profile is shown in Figure 49. Testing will be
conducted with F-50 silicone fluid at 100 psi and at temperatures of 400°F, 500°F,
and 600°F. Test time for each of these temperature levels will be 50 hours or
until failure. Seal leakage in excess of one drop per minute or a two fold

increase in friction is considered failure.

As shown in Figure 49, the test profile consists of the following operation:
1) Long-stroke cycling + two inches at 30 cpm during the heatup from
room temperature to the designated temperature level,

2) Continuous operation at the designated temperature level for
50 hours. Operation consists of alternate short-stroke cycling
(£0.1-inch at 300 cpm for two hours) and long-stroke cycling
(£2 inches at 30 cpm for one hour).

3) Long-stroke cycling during the cool-down from the designated
temperature level to room temperature,
4) Repeat steps 1, 2 and 3 for the next temperature level,

Seal leakage and friction will be monitored during the operation.
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FUTURE EFFORT

The schedule for the next six-month period of the program is shown in
Figure50.

Program Activities

Detail design and fabrica-
tion of candidate seal

Low pressure testing of
one inch seals

Low pressure testing of
three-inch seals

Selection of three best
materials for high pressure
test phase (Task V)

Initiate high pressure seal
test (Task V)

Initiate design and test of
one-inch single-stage seal

April | May %June July Aug. Sept.;

i

Figure 50. Schedule of Activities for Next Six-Month Period
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APPENDIX A

EVALUATION OF SECOND-STAGE SEAL DESIGNS

A, INTRODUCTION

The basic criteria, method, and results of the evaluation of second-stage
seal designs are presented in the following sections. The designs that were
considered represent a spectrum of approaches. These approaches were found
to fall into four basic configuration categories: wedges, lips, reeds, and specially
shaped elements such as a V, C or X,

The state of the art of high temperature rod seal design is still primarily
empirical, Until recently, little has been done to generate rational methods of
analyses for the many conceivable combinations of shapes and materials. In
addition, published data are limited largely to test results in terms of friction,
leakage, and life, Therefore, the analysis of seal designs relies heavily on
experience, simple approximations in calculations, and intuition.

An effort was made to optimize the various approaches, considering the
materials available as well as the specific application in mind. However, the
number of combinations and possible variations precluded extensive study of
any one design. Rather, efforts were concentrated on the designs that reached
the greatest degree of development and consequently offer the greatest potential
for meeting the goals of this program. By applying various practical criteria,
a manageable number of likely candidates have been selected that still cover a

broad variety of approaches.

B. BASIC APPROACH

A positive-contact type of second-stage rod seal is required if leakage is
to be kept to very small values (one drop per minute at failure), Experience
shows that this goal is quite difficult to attain, particulax‘_ly in the larger rod



sizes. Furthermore, it must be met over a broad range of pressures, from 0
(during system shutdown) through nominal operating (return line) pressure, to
surges of several times nominal pressure; and over a fluid temperature range
of -40°F to +600°F,

An overall seal configuration is selected primarily to attain the desired
loading of the sealing surface at the rod surface, and to accomplish other functions
such as static sealing and alignment. The seal material's mechanical properties

govern its ability to transmit an adequate sealing stress to the rod over the entire
pressure and tempefature ranges, and fo continue to deliver this sealing stress

after a reasonable amount of wear occurs. The seal's wear rate will then determine
its useful life, The configuration must also overcome practical limitations such

as adverse tolerance buildups, eccentricities and out-of-roundness of the rod.

These practical problems in effect reduce the seal's theoretical ability to ac-

i

commodate wear.

Allowable stress levels that are appropriate to the particular seal material
provide certain design constraints on the configuration, These stresses will

generally fall into one of the following categories:

1) Hoop stresses that limit the radial deflection available for wear
compensation.

2) Combined stresses that limit the transfer of loading energy to the
sealing surface.

3) Sealing (bearing) stresses that produce acceptable friction and
wear rates,

The principal tradeoffs to be considered in selecting seals are described
below:

1. Wear Rate Versus Wear Compensation. The need for the Sealing sur-

face to deflect radially is proportional to its wear rate. A fairly high wear rate,
coupled with a considerable ability to deflect, might be preferable to a low wear
rate and little ability to deflect. Compensation for wear is obtained if the material
is elastic and if the loading method does not induce excessive local stresses in
some other part of the seal element,



2, Leakage Versus Friction and Wear. Bearing stresses at the seal-rod

interface that will produce a low-leakage seal will vary with different materials.
The configuration must attain a satisfactory stress level throughout wide ranges
of temperature and pressure without causing excessive friction and wear, Any
seal design is a compromise among many possible values of stress that can be
experienced over the attainable environmental range, and both before and after

a change in cross-section due to wear occurs.

3. Reliability Versus Performance. Redundant elements, conservative

allowable stresses, and special provisions to support the seal during pressure
surges are desirable features from the standpoint of reliability. The effect of

such features must be balanced against any adverse effect they may have on
friction, wear or compensating ability. Furthermore, care must be taken that

an inherent weakness that can result in abrupt failure is not built into the design.
Any penalty resulting from a necessary compromise in design will be made in

such a manner so as to preclude any built in catastrophic failure potentials. How-.
ever, by compromising one feature to improve another, it is possible that dis-
advantages such as reduced service life, or increased allowable leakage dr friction

may occur,

4, Performance at Nominal Versus Design Conditions. The seal's

specific duty cycle may dictate additional compromises in its design. For example,
in flight control actuators, friction is frequently a dominant factor. This may

lead to a deliberate reduction in initial loading and, consequently, a foreshortened
life due to the early occurrence of high leakage rates. Utility actuators can toler-
ate higher friction (assuming this does not result in excessive wear), but usually
experience a relatively low number of cycles during the vehicle life. The seals

for these two applications may thus differ considerably from one another in design.

In summary, the seal configuration must exploit the material's strong
points while offsetting its weak points to an acceptable degree. Any gross mismatch
among the various design factors will render the seal ineffective.

C. SEAL RATING SYSTEM

The foregoing considerations were used as the basis for setting up the seal

rating system. This system assists in making a preliminary selection of designs



that warrant further development effort. Candidates are rated on certain factors
deemed essential fo attaining program objectives. Several candidates are thereby
eliminated from further consideration because of an unacceptable quality or be-
cause of low overall score. The remaining designs are then rated on the basis of
other factors, considered desirable but not absolutely essential, to aid in the
final selection.

This system does not assure the identification of a distinct order of merit
among the various candidates. Assigned values for many of the factors are
estimated and, consequently, are subject to argument., However, the rating does
identify the least promising candidates and reduces the final group to a manageable
size. Final selection must to some extent depend on intuition for the most practical
approaches.

Scoring of factors is limited to a three-digit spread (0-1-2). The lack of
quantitative data precludes precise scoring; thus, more refined gradations are
considered impractical at this time. The standard of grading is relative to the
group average. The evaluation covers all elements of the installation (such as

static and dynamic seals, bearings and loading devices) that affect actuator design.

D. [ESSENTIAL FACTORS

1. Sealing Mechanism. The seal conforms to the rod by means of a feasi~

ble loading technique. Appropriate stress levels and patterns are generated in the
seal element throughout the temperature and pressure range. Geometry and be-
havior of elements can be predicted and controlled within workable limits. Effec-

tive static sealing is available, Pressure does not increase leakage.

2, Wear and Compensation, The seal exhibits either a low wear rate or

the ability to compensate for wear, and wears rod surface at a low rate. The wear
process is not detrimental to overall performance of seal installation (i.e. no ad-

verse effect on static sealing). Pressure does not increase wear.

3. Reliability. Seal failure is slow and detectable. Seal construction is
rugged and inherently resistantto abuse inuse. Redundant sealingelements available,



Precise definition of operating conditions and behavior is not critical; possesses
inherent latitude to withstand pressure surges.

4, Short-term Potential, Knowledge of concept is available or can be

acquired in the near future. Configuration can be optimized and evaluated within
time pei'iod of program,

E. DESIRABLE FACTORS

1. Design Features., Materials exhibit compatible coefficients of ex-

pansion, Rod does not require exotic plating, Friction is relatively low (for
good servo performance). The seal has a relatively high degree of self-compen~

sation for wear, Geometry lends to pressure balancing or pressure relief,

2, Cost. Relatively easy to manufacture (reasonable tolerance require-
ments, accessible geometry for machining). Materials are available and
machineable.

3. Serviceability. Easy to install and remove. Does not require custom

tailoring; no special installation tools required.
4, Past experience with similar approach.

F. SEAL RATINGS

Rating work sheets for each seal design are attached (pages A-24 to A-41).
Final overall scores are summarized in Table A-1. In making the final selection,
a minimum overall score of 10 was established for acceptance. Five seal con-
figurations and one alternate were selected on this basis. The seal-material
combinations recommended for further‘development are shown in Table A-2,
Since certain seal designé were applicable to more than one material, alternate
combinations are also included. |

The final recommendations represent a broad coverage of the various
available seal concepts and materials. It is possible that other seal-material
combinations may also offer considerable potential. However, it would not be

feasible to evaluate all possible combinations within the scope of the program.

A-5



The final selection of configurations was influenced by past and recent experience,
and are considered to be representative of the best features of the many designs
that were reviewed.

The recommended seal designs and their appropriate materials are pro-
vided below.

1.  Design B: V-seal/Polymer SP

This design consists of three V-shaped sealing elements, a load
ring, back-up ring, and loading springs. The latter provides the loading force
to effect a seal and also acts as a wear compensating device. Polymer SP V-geals
have undergone substantial development and evaluation in previous seal programs.
Results have been quite satisfactory at temperatures up to 600°F, Low friction
and low wear characteristics of the SP material offer good potential for long-life

operation, Nickel Foametal impregnated with CaF2 + BaF, is suggested as an

2
alternate material with this design.

2. Design D: Lip Seal/Vascojet 1000

3. Design D: Lip Seal/Cobalt-Molybdenum Alloy

This seal (2 & 3 above) utilizes an interference fit over the rod to
effect a seal. The stresses induced by the interference provide compensation for
wear. This design also provides a contact width of approximately 0. 030 to 0,040
inch on assembly. This enables the sealing force to be distributed over a rela-
tively large area, which results in lower contact stresses. By having the sealing
lip facing away from the fluid, excessive buildup of contact stresses due to fluid
pressure is avoided. This arrangement also permits relieving of the contact load
at the seal interfacé since fluid pressure will tend to.open the inner diameter of
the seal. Such a feature ié advantageous in reducing friction and wear, Recent
test results (Ref. Progress Reports No. 7 and 8 for the present contract) indicate
the feasibility of this design.

4, Design F: Spring-Loaded Lip Seal/Silver Alloy Material

' This design consists of a truncated-cone. Independent loading of the

static and dynamic portions of the seal is accomplished by using separate adjusting



nuts., Finer load adjustments are thus maintained. Spring loading of the sealing
lip provides comi)ensation for wear. Preliminary testing of this design using
silver alloy as the seal material has indicated the feasibility of this loading
arrangement, Relatively light loading was required to effect sealing with a

. 025-inch thick seal. Seal breakout friction at 0 psi was approximately 40 pounds.
Alternate materials recommended for this configuration are nickel Foametal

impregnated with CaF2 + BaF,, and Polymer SP.

2’

5. Design I: Wedge Seal/Nickel Foametal Impregnated with
‘ Can + BaF2

This design consists of a wedge shaped (45°) sealing element and
loading springs. The spring load provides the axial force to effect a static seal
at the tapered seat. The radial force component provides the load at the seal-
rod interface. The spring washers also provides the means for wear compensa-
tion. Testing of this configuration was conducted in previous high temperature seal
programs at temperatures of 800°F and 4000 psi and achieved promising results.
Alternate material recommended for this design is the silver alloy (72%Ag + 28% Cu).

6. (Alternate Design), Design AH: Reed Seal/Vascojet 1000 and Silver
Alloy (72%Ag + 28% Cu)

This configuration is recommended as an alternate to be used with a
combination hard and soft metal, The seal consists of alternate elements of hard
and soft metal. The purpose of the soft metal is to provide added conformability,
The sealing elements are approximately . 005 to ., 007 inch thick, Wear compensa-
tion is inherent due to the interference fit and the action of fluid pressure. An
alternate combination recommended for this design consists of cobalt-molybdenum
alloy and silver alloy (providing the cobalt material can be obtained in sheet form).
Polymer SP is also recommended. However, the latter would be used in conjunction
with Design AH, which is similar to Design H except for the steeper angle, be-

cause of the limited ability of the SP sheet material to be formed to a low angle.



- —
0L 0T 6 % 6 6 €I %I 6 ~ 0T 2l 2T % O 8 €I el ¢T3l 91008
&0l
i
S ¢ ¥ - % % 9 L & ¥ 9 9 - % € ¢ S § ¢ Tel03qng
1 1 2 - 1 1 % % % 1T 2 2 - 1T 0 ¢ 1T 2 1 v
m .
I 1T 1 - 1 1 T % 0 | T % 2z - T 1 T T 1T 1 g
I T 0 - T T % 1T 0 I 1 1 - 1 1 1 2 1 3B 4
z z T - I 1 1T % 1 I T 1T - T T 1 I 1 T 1
sI10}9ed
o[qeaiseq
S ¢ ¢ % € § L L 9 9 9 9 % 9 ¢ 8 8§ 8 & Tejo3qng
T T T 1T I T % % 3 zZ 1 T 1 % 2 2 Z2 2 z ¥
I 1T I 1T 2 1T % T I I 2 I T T 1 3 z ¢ 1 g
¢ g T 1T T 1 1 % 1 I 2 2 I T T % 2 % 3 z
T 1T 2 T I 8 2% % % g2 T 2 T % 1 ¢ Z % 3 I
sa0jo8d
rerjuessy
O N KN X f 4 HYI a 4d , T W I » 4 O d HY 4 v *S1Juo) 1E9S
[819IN PIBH Te1oIN 1330S SO1ISBId STeLIa1e N

JHO00S TIVHIAO 40 XYVININAS ‘1-V ITIVL

A-8



ds xewAjod

g 3 +8 Y bv%O 8 JOATIS
‘woneurqwiod (nH owﬁmﬁa gwﬂ:g%mi ﬁoq@. “ﬁmo_ro

uo 138U 1
~woo (nD %832 + 3V
%eL) KoiTe IoAlls
puB 0001 - 19{0oseA

TVES
-aady

HV 10 H

pue
d (ALVYNYHLTV)
-~
( 5 ) £ m,m am+m.m 2D YNM m AT
no Y + 9 fOTIB aoATl B819UWIBO 0 ‘ ~dPAHIM. I
O %82 + 8V %gzL) LoIr 1S 1% Jd 1950 IN — - g 5
S
ds aswdiod (D %8z +38V %zL) \ m IVES
(83 eg + 83 ©D yim TeIoWTEOT [SYOIN Kofre ToATIS .ﬂm mm _ g -dI't K|
T
(o %82+ 0D %S L) LoTre <
wnuepqAowi-118qoD HNVS a
N S AACS
0001-10{00osBA 777 \ a,n:q a
.. .7 ¢ 5
Jded + °d D M
Telowreod 1S39IN ds aawmiiod TVIS-A q
d
STVIMELVIN STVIMALVIN AdAL NDISEA
ALVNIALIV AAANIANNOD HY vds TVas

STVIMALYIN ANV SNDISHA TVIES CHANIWNOCOIY g~V ITAVL



2-2-6% A

BEARING

zeeo seal (Lowo) (75°X)
(DIA. I NTER FERENCE .0IW)

F\RST STAGE SEA\L

DesigN A- SINGLE REED 9EAL-PLASTIC

R

BEARING,

PEED SEALf:(.oeoX'IS‘Zg)
(DA, INTERFERENCE ,0V b

FiesT STAGE SEAL

DESIGN A M- MULTIPLE REED SEAL-PLASTIC

A-10



PREPARED PAGE
' CHECKED REPORT NO
REVISED 2-A A MODEL

LOAD RING
BACKUP RING

/ LOADING SPRINGS

T I77 7777 -)

FIRST - STAGE SEAL

NNl

\-SEALS
pP- 025
(s-— 0lo-,015) BEARING
H-= .010

DEsvEnN-B V- SE£AL
‘ PLASTIC  SOFT METAL, HARD METAL

.025=027

&
9¢° .25
— 1

V-SEAL - DETAIL
(POLYMER SP)

A-11

E-t-10C
REV. 4/ 49




Y
alae

Lopo/ING RING
//_- Lona)l\/é SPRLING

/ g SLAND NaT
| .
S\, Z1 %/
P
e
BERRING

BEVELED RING SEAL
(o¥oTHK, 45°)

FIRST-ST7TAGE SEAL.

DESIEN-C BEVELED F/NG SERL - SOFT METAL

A-12



PREPARED PAGE
CHECKED REPORT NO.
revisen 12 L=6D A MODEL

p—

BEARING

L\P SEAL :
(.coq warl) (2°4

SILVER GASKET

DIA. INTERFEZEACE -.001A To . 003% \-
FIRST STAGQE S&AL

DESIGN D - HARD METAL L\P SEAL

A-13

§ £1-10C
REV. 4/ 49




PREPARED PAGE :
: FAIRCHILD HILLER - e
CHECKED REPUBLIC AVIATION OIVISION RERmE Nc
FARMINGOALE, LONG 190 AND, NEW YORK ) TR AR e
REVISED __LZ_‘_&_?__ _&_ MODEL e e e ot
SILVER GQASKET
R
e eyt e - Y
] _ /mu\\\\\\\\
— m-- /,/45}//"‘°""' k '/ /’/ v,
BEARING
STATIC 'L.QAD RIN &
REED SEALs (oo (Us°4)
FIROT STAGE SEAL (INTERFERE NCE FIT)
DES(aMN € -~ REED SEAL - HARD OR CoMB. HARD AND Sof T METAL
SWVER GADSKET
R\
P _
> N NN Y
| BEARING
REED SEALS (.oo1) (35°%%)
(INTERFERENCE £1T7)
FIReT STAGE SEAL
DESIGN H - PEED SEAL-HARD OR CoMB. HARD AND SoFT METAL.
A-14
RAD-139




PREPARED

| PAGE
REPORT NO
REVISED |2-10- é_s_ A MODEL

CHECKED

DYNAMIC SEAL ADJIVSTMELT

STATIC SEAL ADJVSTMENT

N klﬁ((@\

V/”/

R

P-—-———'

010 RlNCq
BEARING

Lie sEaL (22°4)
(ﬁPPEDX OIS -020 TH'CK)

SILVER QASKET

FiRsT STAGE SEAL

DESIGN F - HARD OR SOFT METAL LIP SEAL

A-18

. %noc :
EV. 4/ 49




PREPARED PAGE ot s eamimep e cn - wiamesi
CHECKED REPORT MO
REVISED MODREL —

R

RASSEIESS

BEARING

SOET METAL
SOFT METAL PUSHER

SOFT METAL OR GQRAPHITE

FIRST STAGE SEAL

DESIGN G - DOUBLE WEDGE SEAL

A-~16

E-1-10C
mevws alam



RAD=139

PREPARED . ) rinE

FAIRCHILD HILLER

CHECKED REPUBSLIC AVIATION DIVISION REPOE e
FARMIRGOALE, LOBS I BLARD, NEV YOPX o FET e g ey %
reviseo 12" A% A (REDRAWN) o
, TAVER.
\ EXAGE RATED
P e
je—t— 070
WEDGE
R DETAIL

14

- NN

BEARING
LOAD RING

SEALING WEDGE
FIRST STAGE SEAL

DESIGN T- WEDGE SEAL- SOET METAL OR GRAPHITE

A-17



RAD-139

PREPARED ~

FAGE ¢ st s S
FAIRCMILD MHILLER :
CHECKED REPUBLIC AVIATION DIVISION R 5 et o
FARMIRGDALE, LONG 1SLARD, BEW YORK o S T s
REVISED MO, s e e e et s
//
? » S
e

TAPER.
EXAGERATED

> — 030
3 VWEDGE

o
SEAUNG, WEDGE

LOAD RING
FIRST STAGE SEAL

DESIGN T R - PEVERSE WEDGE SEAL - SOFT METAL OB GRAPHITE

"A-18



nm

M-l
‘<,

HOOT02UN CLEARPRINY

» — b AV 35

PREPARED A E U

CHECKED ’ ‘XREPUBLIC TEBOHT T . wr emsmrms oo
AVIATION

REVISEDS MC O ires  sminane s mmcm—

- SPACER

/—Rma SPRINGS
A

R
‘ffjss;' 4;;/;‘“““Q~;
: _,(% G N

N

SEAL - BERRING
(HE14HT . 0%)

DESWwGN~-J BOEING METALLIC RING SPRING GEAL. -~
HARD METAL |

/ SEAL

R

IV,.

&1/141/

a8

\

LOAD RINGS

DeESIGN-K  MexpLuic K- Seav - HARD METAL

A-19



PAGE
PREPARED
PEPORT NG
CHECKED
- MODEL
neviseo J2-6~ S _A

R

\\\\

w/'

P— \\\\:.'.4 3 l/\‘

BEARING

1}0\\ SEAL
( .0%30 Tmcx)

FIRST STAGE SEAL

DESIGN .- METALLIC " C"SEAL

A-20




TS e e .5 .y £

——— o ———— oo e 16
N

PAGE
REPORT NO
MODEL

@

W3PS WIWWLIW QIVH Hdg  W- N215320

arvy 79 dPAVE
dvsw=>73 b2

G000

S/

////

PREPARED
CHECKED
REVISED

A-21




) y X t » - . . -
hYLP‘L“‘“'S‘ oaTe 84908 guuscer. KOV oo

. : .o EHERT WO, ... OF .. ...
CHKD, BY .......a. DATE. ....... . . ﬁtnn—';a ok s . .c»N

JOL QL iy iheeresiamaboea. oo

“resamIneny ny sen

Av IN NU

SHIM TO AbusT )
R / REACTION . STUP PLAT

PEACTION 370
= pLaTE.

) P

{ \ 5\E\AL0N6¥)L0N§\:~Q S :
¥ 1 \ ‘\\

. -~ - CONTACT
. ALEA

0\ : TSHAFT —
Nﬁyqzoomam'q WEDGE . —— - e
ANGLE ' _ ) SHAFT pOTI0K

v

~

. . . yo . tad 4y N .- . )
LA CLprag. .. J - prl L "".“;3:&‘_22‘ N ’.56”'.‘@-5 .
l;’ .

) pEp o A . e J Y - . ‘
/V/ ot ey, e to oGS

' A -
~ TN \."'/_\/\/\_,.\_/




SURJECT ... .

. .
. DAY,

CHKD. BY ... ...

OF .cevreean

GHEET NO.... ......

8Y.....

R B I o L P,

Y -7~ T T->Y RN

. DA

DeSIGN-O

LT LTNLLL L L L LS \\_\\

- \r\
(11T

PRESSURE COMPENSLTED
MECHANICALLY ADJIUSTED
AkLr. METALLIC,

RES\

././ \seriqe Neven
A D .

— . R ‘oml‘ .
“wyorsoyuame |’ ]
i ] _;’ SHAFT

'
g
I

- « - . NV\ .n\.»h.k \V\ . . WI “\)Q“I | SO x-SizE



« SIIGTXS) 9Wos SO{FII08S [IIA }O01S PIIOS JO 68N - [E]131BW 156US MIM S[qEuUIEIoun ga1due souapjouy dinyg .
*(HV ©98) BUIMale SYARMK I9PISUOD *FO0JAISS AJTHIN X0 §30[AI2S [0X300D WBY Ofivie-g J0] Pojins 185q ~ ONSIICIOEITYD SINEFAId “SA WOROLY SUISIH S LNHININOD

*v vopeandyuoo YNA souspradxs paypulT “9[qeolidds
Jeqmawmos (g uBysay( [ees-A dS A ouspxadxy

‘yovuadide
SUWIES GIm X0 Ised
JONIRN3aXd

*gdy] jo Surnesaxd pue pox 1840 Jumoialle,, Uy axwd saxinboy

, “Iressuy 03 Asey -sjqealuryolam]
*yoeys eanseaxd uy dn Aoys (i I908dS JO UOJSSTWO

*jooadivoy “paxmhaa .

(001 oads ou ‘Ijmsur 0} {sed

-8df| o138 SUIPEOII9A0 PIOAR 03 Gouara anbioy exnbax AeW ALITIAVADIAYES ¢
. - aqqeunyovu
*3uixetuao J1as - weqoxd A3fORITSOU0d IqNop ON ‘armonynueul 03 Asey

*¥0038 J9as WoI} axmormusu - Jjdmis IS00 ‘¢

*830URI910} 98012 03 PIOY O3 IMOYJIP IBYMIMOS d§ IomAod

-axnggaxd Joqlpy 3
89530100} TOROKI .*PIOIEW-SIUL UOJSTEdXS JO FJUIOTI0D

*pox ayeyd ouwoxys preH .unﬁaunxﬁoouu—nm

G T T T TR
faqqueteAr JOI[Aa 2anssadd Jo
Surouruq aunssaad-uonsixy
20} ‘pox uo unerd d1oxd oN
1 +dx? Jo *J200 aqnEdwiod
SIUNLVII NDISIA

i

SHOLOVA ITAVHISIA

- aj¥nTeAs 03 pus isnipe o} Lsed
AfoApiwial S9[qEIIEA, °[UILOINW JIM GOUSILEdXI SROJANI]

‘*auIr} IqLUOSEAX U pAIINbor
aq ued 20 djqelrat ASpapwouN

TVIINILOA IUIL JUOHS °

‘gopaod padwwio Jo 93pa 38 IN0O0 LWl gagsaxls Jeaqs gS(H
*upEIxaomn 5309339 fupdv waej-3u0oy  “sinoulale JUVPUNPET ON

‘mMom] [{oM [e129ew O A)IR0qU] WX ROYS
*8393{qo @ifaJof 0} JueSISAX f{eAnIRIAL [TIIaE
+godins aungsoxd Sujpuelsyija Jo siqeded

Fsadans aanssaud sisisas (swowald

WEPUNPAT 1 ISNGE SISISaa ‘paitiing
:S1qeatasqo pun SImofs sprd
ALITIgYriay

‘agex Jvem essarowy Asm Sujzpdieus arnsgaxd

“payRIsuOWop Anuesar friqeuoiiesuadwod
*vopssuaduIoo , yojaxe,, SijuLLad [eiIegeid 19049 4§ Jo 88l

pELELY
sasearddp axnssaxd : oUTULIO)
~23d 0) JTIUBUILLIOP JOU Jeam
{aesuadulod 01 3qe 10 Jeom W0l
-NOLLVSNIJIINOD ? HVIM

»
&3

: *Jueemisnips peo] IRwEulp ON

*guojeanfiyuos 10430 Uy svudliadxa mox] ajqmopard
4§ xomfiod Jo x0jABgey “fBes Sjuwrwudp JO juspusdapuy
Juamisn(pe [ge8 opjels -efenso| ssdonpar Suyzidasua axnsgaxd

- oUTY¥O| SASTAIAop
axnssaad :Sureos oneys poodt
L alqeIoaiuoD 1 aqeIoipad
tpaproy AUIpTat fojqrItIONI0)
NSINVHOIN ONITVIS

b

T SAOVINVAQVSIO

A3Y
T g9/zr diva

SADVINVAQY

SHOLOVA TVILNANSY

(a8 ¥aMATOd} OLISVId - TVAS QAT - V Yousia
1v3s FOVIS-ANOOIS TUNSITUL MOT - ONLLVH IVHS

A-24



*301A%98 afeys offuyy J0) payng 8§ nopeandpucd §1q; ‘pelIoIIUOd

oq U¥d OIISIAjORIEYD aIngsaxd *8A UOIOH} n *£YTIGXS]} BWOS SOTFHIORS [IIA 39018 PHOS 1O 28N - xuoau 130ys qIA ajqeursiqoun so{3ue 8:333 dreygs © :SLNANNOD .
) . ‘yovotdie
‘v gojteIndyuod M soustIedys payuyy 1 WIS g dxXd 18T

*9|quodde jmmewos (4 wisoq) 1899-A dS WM ouslIAdxy

FONIAMIAXT " “H

+gdyy Jo Supyesaxd sexpnbay “so9qs sxnggaad

*jooxdjoo] ‘pazinhal

oy dn SUMONS INOYIEA PORTO 5 ABUL SIUMELO [BOS UIOg “{rmsuy 03 Ase3 - Iqeadusgoxeny 1 1003 *9ads ou ‘peasut o) L5ty
-sdj] op1e1s SupeolIsa0 PIOAE 0 YOUSIA anbIo} AX[NhAX Aew ‘gyoeyo aangsaxd uy dn moys ([ 130uds Jo UOIFSTWO ALITIAVADIAYIS ¢
) *aqqeuryoTul |
- . *Supzeyueo Jies-waqoad Apopxuse | 2 ‘armoemuews 03 Aswy
*8Q0UAS10} 2800 0} PIOY 03 MNP IBYMowos s Towk{od ~U0D S[qNOP ON “HO03S }2aqs WIoL} AXMoTIIIsW- WS 180D ‘T

T BupEsuaduIod Jjok

LaqeieAr 1133 axnssaxd o

Huroueieq aunssaad-uononag
mof :pol vo Jupeld onoxo oN |

*aangsaxd IS T JEGMSUIOn 1 £ ~dxa Jo *3000. apqnedwo)
saBAIOU SONOLLY cﬂ&aﬁ&ﬁ goisnudiad Jo SJUADIII0D *pox aymd auroayo pavR “Supesuaduiod [Ig SIYNALVIS NOIS3IA "1
SYHOLOV4 ITAVHISIA

*auly) JIqEUOSEal Wi paxinbov

*33ENTRAS 03 Pue 1Snfps 03 Aged z 2q ued 10 Iqereae aSpapnouN

£ieanwax 991qUIAEA. * [FIISPET A SOUOLIAANS SMOLAAL] TVIINILOd WML LYOHS ‘P

~sadans 833.5 8151633 | SWAIND

uaotD] (1 8] [ElIatew Jo A3x8au} waa WS s109fqo wrepunpaa sisisar ‘poliiing
ud1a10] 03 JULIFISAT A[OARS{AT [BIIGIRIW "FIGOWILD 2 asaﬂuﬁo pue ApMofs spivg

*uIwzsomn 9303532 Suple wxey Suoy juepumpaY  -gafing aanssaxd SuppuRisqiia Jo diqeded ALHEVITIY g
“Jram
o Sageal0ap Axnssard : ouTwWIo)
3—33&58 ] eswaIdt) swos Supplaoxd ‘#In0d0 IvaM , ~J3d 0} [EITIWIAIIN 10U JEIN

o wearisnIAop nojoun] Suirees 1aysusl) Ao ST 4 t atesuadwod 0] Qe 10 JTIM MO} .

*gdy] mreariedn 30 9jex Jeam agsarou} Avor Jupzpfieus axnssaxd *BORTEUadmod ,403ad3s,, SHULIOG [B11038W J3XS dS jo 39} NOLLVSNIIWOD 2 ¥VIM °T
" T cageyee] sasTadoap
-gsuopeIndyuoed aunssaxd :Suifeas oners pood
oMo up eoustxadxe woly etqEIRIpexd dg JewAlod z : 9Iqel{oaIu0D : Ajqmoipaad
"I JLIOJUOO E #puY} iYW Inq ‘eqied 30 Jopapyog *[E9s oturvudp jo juspuadapu) JWauen(pe - :papro] Ajipeal ¢a|qEULIOu0D

a8wywor cﬂﬂn orqisnod (820498 °JuIUnSN{pe peo] ofweulp. oN eos oprys  -adeyroe] saonpas Sujzidieus amssard - WSINVHOIW ONITVIS 1

SIDVINVAQVSIA

A3Y
9721 aLva

SAOVINVAGY : ONILLVH SHOLOVA TVELNIASST

(I8 HIMXT0A) DLISVId - 'TVES QAT - BV  XDISdq
VIS FOVIS-GNOOES TUASSIEA MOT - DXLLVILIVIS

A-25



*eoA1es ofieis offuls 10f Pejns A} UOREANS[FUOO SYY} *POIIOINCO 3q UEO OPFHAIORITS BxnsEAId ‘SA WOPOHIJT  ISLNANIOD

- gouairadxo oajsusIXT

“*qovosckie
“wrs gum “dxo ysed

JONIRMIAJIXY -

-30uonbes Suoxm Uy POIINIIT] oq W) NI
aansgaxd up dn moys jou Asw Sujads xo asdeds Jo uoysswQ

*yoaqo axnssard up dn moqs [{m pue .395 Jon
SJUOWS]I {238 JO WORT{ITISUY 99A2AY  ° d(qsBuwydIagu]

*jooxdjoo} “paxinhaz
oot oads ou ‘{risuy 03 Asc3

ALITIGVIOIAYIAS "%

*paIjnbes SR Jo

103300 980]D  "HP01S PI{OS WOI] IPBI aq IINJY °BIDURII0Y
98010 03 P{OY 0 INOPNIP IBYMOWOS dS JowA{od "xa[dmo)

pagsiqmse flan sonbjmos) Suanoemue

“aqeunort
‘armgoemueut 03 Asecy
IS00

~

‘saxnsgaxd 293 J¢ jeYMoWos

SO9¥3IOUT WORDHIT  “pIAqOIBWIIL wojsuedxa Jo suIOPI0D

*pox ageld Srmoayo piey -pafopdma
#] . goIII8,, 71 uopesuaduwod-Jas awos Jo ojqeded aq Azq

*Suniesuxiwod Jjos
taqeireae jariax axnssaad o
Bupoueieq aunssard-uonoray
#01 ‘pox uo Suneid o130x3 ON

SFUALYAL NOIS3d

¢ ~bea Jo “Ja00. apqurdwio) -

1

SYOLOVI ITAVUISIA

A-26

-paAIIqEINs U Saey sanbuyox Suprmorsvue pre udisod

Ui} SIqEUOSTIT UY PAIINbOT
aq ued X0 dqeireae aSpapmouy

“pourjes usdq ewy uoRRIN3uOD - SIqBlITAT BIWp YONN IVIINILOd WHIL LJHOHS °F
~galans Supueisyiia Jo ojqede) uoirRIn@puod STqd -galing axnssald SI1S1533 ISWOWIS
YA paujaiqo Ueoq svy fyf O110AD 9IqBRASPITUOD WAOUX [[oM WEPUNPaL :asnqe sisisar ‘pasing
A28} €] (V12938 JO J01ABYAQ WI0} WoUS 5100fqo udjazoy :£1qeAL39q0 pue Aimofs sired
*urEleoun s0agje Surde ute; Suory 03 TUBIS]ERT A[OANBIAX [PIISIEI{ "HINSUIR]S JUEPUTDSY ALTEVIIAY ¢
“lean
. *ofy{ sopesusd $382a109p ainssald : UTWLIO)
~WI0o Uy swzaIou] ewros SuPpiaoad ‘8IN000 lvaM SB WEIAXIE -1ad 0} [EIUSUILAIOP 10U TEan
-umop uofiouny Suriees Japsues) sjuewaly “padordwoe oq wsd taresuadwos 0y Iqe 40 I8N MO
~sdy] wwsxjedn Jo ojex Jeam 9gsaxouy Avwx 3ujzidasus arngsard NOLLVSNAdWOD 3 VIM 2

W JgoRNIE,, |ENS - ywsuadwico 03 A3jiqe pajexysuowed

*Potwiex-Jeuy axe Suppeoy ogwrsusp puw opEIg

*otqwsnipe Supro] aSwyvol aanssaxd yiiq
gaonpax Suzi8aous canssald - 9ouLKtodxd WO oqTIvIpARd
Jotawgeg -Supiwas oprEie puw enbyuyddy 3upprol sesId

ainssaxd :Jurfeos ones poodt
: IfqefoaIund : sjquinpald
‘papeof Afipeax !aiquiilouo)

WSINVHOIN ONITV3S

“adenea] SISTAIOIP .

T

SIDVINVAQVSIA

A3y
T eefel . ALvd

SIVVINVAQY

SHOLOVA TVILNESST

{d8 HIWA'104) OLISV'Id - IVAS~A - € NDis3d

Tv3as IOVIS-ANODIS TUNSSTUE MO

- ONILVY CIVAS



. 80014108 AN JO FuoREoyidde [eas eSme-Z 0] PONNS 380q ~ PNISIASIOBIVYO danssaxd *eA uopPiy Susy

SKLNAWNROD

*eouetIadne eAjsueXy

‘yoeosdde
WIS YN KNS Isel
JONAR AaNd

“ul-unx saxinboy ‘oo exngsaxd
uy dn moqs jou Lsw Suprds X0 1808ds JO UOISSTWO

. ‘¥ sanssaxd uy dn moys (M pue ‘Llovn jou
SJUIWS[2 (€98 JO UOYIB[[EISU] O610A0Y “{[EITU} O3 5B

*joosdi{uo] *parinhal
100 -oads ou ‘jjrisur 03 £suld
ALTTIVIDIAUES

*poINbaT BINIOILIUSOUOD JO [0AIU0D IFOLD "xI[dwIOD

*paysiqeIss [[om senbuyosy SupamoenuTiy

“arqeuiyonut
‘armorjnuewi 03 Asud
1500

hat ]

‘wopesusdmod jjos Jo
oaxBep Luw sepnjosxd S[TIOW 1308 JO ,YOIALIS,, PARJWIT
*arngsaxd 1auSiq v gosBOIOU] UOIIOIXT

‘pox ageld suIOId PITH

“uoISuRdX3 JO SIUSIOPJID poymBu-{laa AjIjed -

< autyesuaduwiod 105
La|qepivAn Jo1[od danssaad a0
Burourivy sanssaad-uononaj
A0{ {pod uo Suneuid d110xn ON

SIHALYIJ NOISIG

L *dxa jo *J900 oqunedwo). .

SHOLOVA ATAVHISHA

: “poysyqeIEe
g?ﬂnﬂ:&i&ﬁ»&u&%ﬁﬁan&ua

“own Jqruosead uy parinhov
aq ued X0 aquiiear aSpapvouy

*sdi] wrwaIiedn JO @3vx Ieam SasEAIOU] us.u_uuonn eanssazd

TWRALIFUMOP PONTIY *PeIEIFUCTISD UOETTOdUIOD)

$3sLa109p aanssald :aouTULIO)
~J3d 0} [BIUDWILIIOP 10U JEOW
:aesuadwiod 03 Jlqe JO JeaM MO
NOILVSNAJINOD 3 UVIMN

‘pauyIax udaq Sey UojIBINIued ~ SIGEIIRAB BITP qONN TVIINILOd KU3IL LHOHS °t
saflins aunssaad sisisal i swowaD
, ) Jucpunpad 1 asnqe sisisae ‘poiitiag
*sofxng aunesaad JupurisnAa jo oqede)d 1 AqrAIISQO PUT AMO[S Spivg

*WAOW| [[OM J0jATYSG X113} HOYS "SIUIWIS juTpunpay ALrnavridy - oo
*Irom

.
)

*3wos Jodoxd Sujpracad uy TeORIIO A1a79} Jo0dul,
.wﬂlﬂus& axe Supeof opwsuip pue OPMI8

" -ejqumenfpe BupsoT

*afwyso] aungsaad gl ssonpax Suyzifxeus eungsard
*30ud1adxXe WIS JqEIopAId Jojameg

*Suees onye3s pur anbjutoo) Supeo] USAGIA

TanEqEn] saStadaop

axnssaxd :Buyros oneis poos
1 JqEIOIIU0D : aqrioIpadd
1popeo] A[Iprar fajqriniojun)
ISINVIIOAN ONTIVHS

SAOVINVAQVSIa

A3Y
T T 8§973% aivad

SADV.LNVAGY ONILVH SHO.LOVA "IVILNASSH

Af...a.ﬂs 1308 - Ivas-A ~ g XoIsiq
VIS IOVIS-ANOOTS FUNSSTVL MOT - - DXLV IVAS

A-27



“powye[o Syinsax pood YIm ‘ sx088axdwoo Jye axnssaxd ydyg o uopsojidds 10} puniiug uy pausjed 0w0 FeM govoxdde Iu(jwis V ¢

SLXANKOD

~yoeovdde
WIS PIm “dxo s

AONINMAAXd -

‘uj-anx gaxnboy
*309q0>. axnsgaxd uy dn Aogs Jou ABUI TOTIITEISU]: SpIvANORd

parynbex s1o0} rejoads oN “[reIsu] 03 g8y

*joosdjoo) ‘paxinhat
~§ *oads ou ‘[eisul oy Asey
ALFTIVADIAMIS

*uj Bujddey soxqnboy °paxinbax Sa7110)IIUSOU0O V01D

armosmmEw 03 £9ve AjeAReIoH

"aAqEURppTWR
‘aamorjnuew 03 sty

10D -

.no:uﬂ...&ﬁoouaom
30 saxSap Lue sopnioexd S[EIEW Yo Uy (GOIAIIN, PRIIWTT

-aje[d IWOIAYD PIBY I8N WED
Alqeqoxd  *309730 un_.,_muuao axnssoxd (o - UoRony
M0 -uojsuedxa Jo SIUSOIFE00 projEW-[jem Ao

TaunesuddmoD Jlos
talqeliear jorjax ainssaxd Jo
Burouejuq aanssaad-uononly
M0} tpox uo Suneid orjoxa oN
£ *dxa Jo *J909 aquiedwio)
STYALVIL NDISIQ

bod §

°t

SHOLOVA m._med.mwa1

*SIqeTRAR BI¥p ON

eyenfeas o) sjduns Aj@Aneiey

“WIR} {qruosEA m paanbov
5q Ued X0 Jqeireae adpapwouy

IVEINILOd WHIL LHOHS -~

“wywizeoun LouEpunpal pue aInoeqoe 8} tedyountd

FIuAWold 189y oldRInN

-sailins aunssard SISISAT ISWIAUI]

UCpUNPaL { asnge sIsisal ‘poiina
. tAjqeAlasqo pue Aimofs spivd
© ALIgvii3ay

‘uBysop
Jo b:.anan oﬂaaﬁoau 30 osmeo0Rq Gndnﬂaﬂoo pojTmyY

*aanssaxd 03
posodxo e8] ware [Tews AxaA ‘A(reonime stees ofpe Joumu I

DY

SIVAIDIP AINSSAId L IVUCULIOG
~Zad 0} [RIUOWILITOP JOU JEaM
£31e8uaduIod 0} 9Iqe 10 IRIM MO]

NOLLVSNAJWOD 3 Hvam

)

*sjqeuopgerd JusuIien{ps peo] puE [2es oI
" 3o ssousapoIPT “1o1pasd o3 FNOUTIP PUY UEIIE0W JOIATYOE

‘WORO( T JUIWTOD 935

“OIeNEa] Sasvwaloop

arnssaad :duires oneys poost
:alqefianuod 1 aqeIdipaad
‘popeo] Appeax !ajqeniouoe)
WSINVHOIN ONITVAS

¥

SADVINVAAVSIA

A3y
T Tee/zm diva

SIVVINVAGY

ONLLVY

~ SUOLOV4 IVILNHSS3

7vLIN 1I08 - ‘IVAS DNIE a¥IT3IA3L - O Nolsiad

V38 IDVIS-ANODIS TUASITUI MOT

- ONLLVYH VIS

A-28



SINANKOD

-[eos 4] UO PaONPUCO JuIs goeo.dhic
pmyT °elqeojidde 1eYMIwWos: S[Ess- A Yipa sousiadxd T WIS PN XD ISBd
) FONAMIaXA" ~f
‘uj-unx saxynbay . “3oeqo aangsaxd Jooadjooy "paxinbhaa
*yoaqo eansgexd uj dn sogs jou Lewr syuswora. Suppror SussyN uj dn MoyS {14 - SpIEANOTG PITjeIsT o 0} A[aYIIun T 100} "0ads ou ‘{jeisul 03 Ase
v . i ALriigvianiagis g
’ . . . “a[qeuIgoTw
*uogion Sulx peoy xadoxd 10} mamarinbaz sOURISIO} 98OID *ajqueujyoswt Ajjpeal saed [V T ‘armoenuewt 03 Astd
: 1s0d ‘¢
T RUNCSUaduIoD Jjos
{aiqeireAr Jonjax aanssaxd 1o
Suyouejeq aanssard-uonoy
, ~gopesusdmod ) mof ‘pox uo Zuned onjoxs oN
J1e8 3o eoxSop Aus spnroaxd smOW PYos uf ,[OIaxIs,, PAPY . *gojsundxa JO SIUINOYFI0O peydeil-[jom Aareg X " tedxa Jo *Ja00 J[qrILdwio)
. : : STUALVIL NOISFa  °F
SHOLOVS JT19VHISAa
. *3daduod Jo ATIqreeo) _..3«3—.5 svq *awy 3jqeuosear uy parmhoe
Supisay payparT CPoYsIqEISO sanbjugosy Sulamosmur i z aq ued X0 d(qeiresr a8patwouy
AVIINILOd WHIL LHOHS ¢
~a3eyeet -sadans aznssasd sisysal 'SBAWID
u] asyazou] pue 3a8 jusurwirad jnouim gelang aanssaxd - -gadans axnsgard Jopun JUEPUNPaAX : ISNqe SISISAT ‘patiing
Suppweisqila Jo sjqedeo 9q jJou A °HIUSWS]D JWEPUNPAL ON axnyys} ojydosewieo jsureSe 0aj0ad LAsw Supx peo] 1 _:A1qea1asqo pue {imols spud
’ ALTHAVITAY ¢
- “Ieam
SISTAIOIP MNSSIId : 30UTWLIO]
N *Q[qeITeAS nopesuaduwiod guzog ‘ ~1ad 0} [EIUDWIIISP J0U Jeam
*g89888 03 JMOPJIP $IqEIIBA Jo digsuonelsy *(29104£5 00058) Supisss peyw] Uy 0] oq 03 sanadde I8am T ¢ Mesuadwiod 01 Qe 10 Jvam MO
NOLLVSNIdWNOD T UVIM "¢
> S TR EYEE ]
Supsw peyjwy] O pejeaisucwap Sapeo] aanssaad :3ureas onels pood
*sjquistfpe peo] ojarmig . . aqe(loxjuod : ajqeiolpard
3o1paad 03 JMOPFIP wqmouzos dif Sujisos Ju S1049] 880IlS ‘1808 ojweuip Jo Juspuedapuy (238 OIS z 1papeo] ALIpeax fa[quriulioo)
. L WSINVHOIN ONTIVIS 't
SADVINVAAVSIA SIDVINVAQV DNILVY SHOLOVA TVILNIASSH
A3y TVLIN LI0S - TVAS ATT - & Xvisiq
T @/t diva IVIS AOVIS-ANOOIS TUNSSTHL MOT - HNLLVH "IV

A-29



SINIRINOD

~yocosdde
“unrs yum. ~dxa 1St
. FONIFRIFJIXT" ¥

*Jo0xd}00j. ‘paxinbal
1003 -oads ou ‘jpeIsuy 0y Ase3
ALTTIEVIDIANIS €

“sqeuigoswt
‘aamoemuew 0y Aseq
ISOD ¢

: esuwod 1o
tatqeireae jorfaa aanssoad Jo
Surouejuq Anssaxd-uonotly
mof {pox o Suneid a1joxa oN
¢ *dxa Jo <3000 ajqriedwio) - -
STUNLYAS NOIS3Q "1

SHOLOVJ F1avHIsid

SoqquTTeAw wiTp ON “pexmbal J0emo[PASD PATSUNXE

RE L] w—aﬂ.oa«o.- ar paamboe
aq wz0 Jo 3jqeireAs adpopmouy )
IVIINIIOd WHIL LHMOHS °F

*FJUIOLP FEPUNPET ON

*309{qo ulyexoy

Aq eflemep 0} SATISNAE 0T ~ JUIWIO [vas pa38my

-safans aanssald sISISA I SWIWID
JEEpanpal  asnge sISISax ‘paSiing
. :&jqeaz99qo pue Aimols spied
Aungvriady ¢

..goouo«unnﬂﬁooca&g

“Juam
$98EAIVIP Axnssard 1 JOUTULIOJ
~23d 0] [RIURULIIIP 10U JBaN

t ajesuadwiod 0) IqE JO JEIM MO

*3o1pa1d 0} IMOPNP J0AOT

orqusn{py

1

“afenea] sI5eaAl0P

aanssaad : 38 O13E)s pood
+IQEIIIN0D. 1 AqeIdPAd
:papeo[ A[1peat {Ijquiiiono)

NOLLVSNZJWOD 2 u¥IM ‘T ,

WSINVHDIAN ONI'IVIS 1
s st —

89/21

SADVLINVAGVSIA

- A3Y

qiva

SIODVINVAAQY

ONLLVH

SHOLOVL TVILNASS3

TvIIN LIOS - TVIS I0CIM TTENOA ~ D X1ISIA

vas FOVIS-ANODIS TYASSIUI MOT - ONLLVH 'IVAS

A-30



*xaaqys weqy ( m 2aqS1y) Amaqrssaadmod 193831l aGEe addexd D SLNHLIINOD

vﬂnaﬁ.&ov oousyac g

rd

*govuadile
WS Y1 Cdxo se

§5/%1 aLva

IVAS FDVIS-ANODIS JUNSSAWI MOT

AIONIARIFaXT -
*JoOoudiuo) “paxImbad
. . woaqo axngsaxd uy du moqe z 1001 *oads ou ‘1jeisur 03 £suF
*Tetonr 3Jo8 | AREMmonied ‘ul-un saxpnboy £1qeqoad s woneiviswy Jadoxdx] ymisuy 03 Ase ALITIVADIAM S
. ~3jqeuIyon U
*Sunieas Jood asnEo AW 920WRILS]0. Bujxnaq AAISIIOXT +Juyxajuco~ 5108 1 ‘armovinusw 03 Asu
‘Teopnao Ajxye) seoueeo3 ferjoweld *exmonjIIew 0y 88 AlA1Td 1800 ‘7
" *BUTESUNIWOD Jjos
sajqelIRAT J9I1ad 2AInssadd Jo
Huouejuy aunssadd-uonony
*pol Muid GWOIYD PITH “axner: M0f 1pox uo dunepd 0N oN
JO 303]3 [{EWIS 0} anp JAMEucd AIfu} [9A9] UK I ¢ *dxa jo °Jooo ayqundwo) |
*IQUIIBAE oINS, MO 0} oanp Bupesusdmoo-J13s JON -uo]suedxa jO SIUSOYFE00 PIYIIBUI-T{am AL STYALVIL NOISHA "t
SHOLOVA FTdvUISIU
3w} J[QEUOSTAL Ul nﬁ_sru.n
‘GOTIONA] DAJSSOOXO § X aq ued 10 d{qr{ivae adpapnouy
* eawq (.1 aa0qe) $9z8 pox Jade] 1Y SMoys SOUIHadxF *eIeneAd 0} A5E0 AIPANNIOY  SIqRIITAT WEP 3533 AT IVIINTLOd WHAL LUOHS °F
-saflang aunssaad gis1Sod fsuDWAD
*OJISIIAORIVYD VONOLI] AINFFAXd-MO] PAI]eIP Qifa dqpedmoo aq . pUNpaI : (e sIsIsan ‘posing
Jou Asui TOYIOLI} pox snid salng axnssexd Aq Supsosum - Kfreopudoistins [1e] 03 Aomi{ 1 1 A|quALDSqo put AIMols sqivd
PUEISIIA 0} AIBSS909G PEO[AX] *IMAWS]S JUEPUNDAT ON JoN °pemioddng [fam pue paBini £{xye) 8] Jmawalo [e8g : ALINgviiay ¢
“Ivam
. $3SEAI09p AINssaAd 1 IoUTWIOS
- *sare pesodxo Ul oawOIOU] MO8 3U . ~Jod 0} [EJUDWILIIAP 10U JEIN
Sapouepeq axnesazd jo sjqeded 3q Aviy ‘aanssaad o) pevodxs 4 : sjesuaduiod 01 3|qe 10 JeIM M0
sags [ews 104 -uopesuadmoo jo 21iap pojeaysuoutaq NOLLVSNIJINOD. B U¥AN °T
- TTTHES] SASTAIIGp
aanssaxd :3uipeas oneys pood
) *s1qeIsnipe peory O[qE([OIIU0d :3qEIdIpatd
. *£oeanoou AqEUOSESI QI PAOIPAId 8 3o Jojarqeg z :papeo] {[ipras aqewnioo)
‘payeiarIan Jupwo] ojureusp pus OpIwiS *810AR] 89218 pood QI anbjugod Sujpeo] pourysHOWIa NSINVHOIIN ONI'TV3S 1
SIDVINVAAVSIA SJOVINVAAY ONLLVH SUHOLOVA TVILNASSH
‘Aay FLHJIVYED HO 'TVIAN 1108 - TVIS IDAIM - 1 xnrsda

- ONELAYLIVHS

A-31



*30ans wem (I/8 199310 LInarssarduos 153eaad syqrxe WIdEID  SLNHNINOD

g

“yonoddh:
: . . wiIs gum “dxd st
*3qesiidds I ulisaq N souvpraixo swos z AONAMAXd  CF
*Joosdiuoy “paxinhat
. ‘0O sanssaxd uy dn Moy z 1001 ~oads ou ‘{jeisur 0} Asey
*Telom JYos g Lasropaed ‘di-unt saxmboy fiqeqoxd Y4 vopw(rRen) Jadosdw] -[rejsuy 03 4seq ALIIGvIOIANIES -
. - $eoe g¥ 20oyd oures wo - FpqevIyonwt
pororid 81 Supaweq gng ‘Surwes Jood asmed Avw ga0WBIBOYO Suyaeyuao-J1og 1 ‘aumoenuews 03 Asey
Smreaq aAJsE0OXE “[EOIAO A1) 9S0UTAaL0) (2rIAWEIQ ‘sxmonmuUe 03 e Alxjeg 1500 7
. T T SuNIesuddumod J1os
tajgerearn jorjoa aanssaad Jgo
Surourieq ainssaad-uonoLly
‘pox yeid omosqd pITH Mo tpod uo Suneld 5110Xd ON
. *gaJe PoOWE{EqUN [[BIUS 03 NP JUTISN0D A1) [9A3] UONDIIL 1 ¢ ~dxa Jo *Jo00 aqredwo)
*aqu{IEAR ,qOjanie,, A0] 03 anp Supjesuadnnod-§1e8 JON ‘uolsuRdxa Jo SIUIOIR00 pHOIow-{1amM AlajRS SIUALVIL NOISZQ  °1
SYOLOVA ITEVHISIA
~am Iqruoscax uy parinhoc
“SgenieAR 03 £swd A[Paneiay 1 aq uEd o Jjqeiieae aBpajwouy
*1 uf{9aQ #¥ VORWW]] 0Z18 W AIEXI A *{ aByseq WoIy SqEIrRAY TEp PAIEYT IVEINILOd NMJL JHOHS °F
-safans ainssard §)S1833 (SWRUI[D
. *gsalans aungeexd JURPUNPAI :ISNQE SISISAT ‘paiiing
. Supuismia Jo sigeded - Afrsodoxistiso 19y 03 A1 4  :4jqratasqo pue Apmols spund
*IUSWOLO WNPUNPAX ON 10N "papIoddng [194 pue PeSSAX LiLre 10awINe [v05 ALITIEVITAY ¢
' "Inom
$ISTAIOIP axnssazd 1 OUTLLIO)
*eaxfap elquIapIsUo0 0} paouvieq Jujeq jo orqedsD . -aad 6} [CIUSWIIIIP JOU JEON
] . ‘aanssaxd Aiq U Pejor TAIE PEOUNTEQUR (RIS A[SARIEIOY 4 : 3YeSuadmod 0) I|qE JO JTIN MO
Iuom 99BaI0U] 03 Louspuas WSe ewy aunesard gopssuedwoo Jo 0a13sp ¥ pHEnsOwep soy | whised NOILVSNIJIWOD ? UVIAM °Z
- “aNtyeo] sasTaloop
axnssaad :Suiros oners poolt
*yuog 3odoxd Bujpacxd uy reoRxo AIye) *afwyeot eszardep 0) Adouspuey : S{QEIIOIIU0D : JqEIDIPAL
J0dv], °Iv9¢ ORPWIS BAIXD SAXnboy ‘pursiatiesu} Bujpeoy WA ¥y arnssard -oqEIOIpAId AlqEuossal JojAvYel T popro] [IpTal !aqruLIONO)
opmvudp pue oRely “Jusuxidn{pe peoy X0} Supuzuriye saxinbey *] wijeeq U} RIIXe Swoe Of PIRIITUCWEp Inbmosy Supeoy ASINVHOZI DNTIVIS 1
SADVINVAQVSIO SADVINVAAQY DNLLVH SHOLOVA TVILNHSSH
A3Y HSIMHIVED HO TVIIN LIOS - TVIES IDAIM ASYIATE - HI XOisdd

T ee/et dLva

TVAS IDVIS-ANOOIS TUNSSTHL MO

- ONLLVH VIS

A-32



rgopeoydds sanssexd gy JoJ o1qeNNS 8q jou Azul OYISAMORIEYO axngsazd mor mnmupdo SSANHININOD

..ooao«uo&no owmoyg

-

“yovutite
. uirs Yum dxo yse)
T JONIARIIAXE ¢t

“uj-unt sexynboy
*¥OO AINeSAId Uy dn AOUS 0T AeWX VOTIR{[RISU] I8X0A0Y

*yooqo eunssaxd up dn mogs Ajqeqoxd
1A Jeouds 10 Sujxds Jo woygsjwO ‘[reisa) 03 Asey

*Jooadjoo] “poxinhax
100y oads ou ‘yeysul 0y s
ALITIEVADIANIS "¢

*£198010 PIOY 8 IS FSFOHS0OWD IqnOQ

‘uopwandyuos adwmys Azjed

"3jqeutyorut
‘aumoeymew oy Asuy
1 IS0y -

a1

*[¥30uI 108 JO YOI, PO JO 9ETEDOq

Supesuadmioo-J1es 0N °omssald Joq3yq J¥ SISTAIOU} WONOLLL

‘uojsuedyo JOo SJUIOYPFO00 PIYOIEm-TIIM AfaTed

I SUSIOD Jjos
LapqelIEAT JOI1ad aInssaad Jo
Butourieq aanssaizd-uononly
Moy {pox uo Suneid o130%0 ON
¢ ~dxd Jo *J202 Jfquedwo)

T SFUNLVAI NDIS3A "1

SHOLOV4 ITdvHISIA

-oqenpea0 o3 AFEe [PARVIIH SIARIIBAT WEP 19 Juiog

*3UIT} IqEUOSEaL U1 palinhoe
aq wed J0. aqejreae aSpapwouy
z AVIINILOd WHIAL IHOHS °F

*JUSUISTS. JUBPURDAL ON

-gedans axussexd Supumnpa jo siqeded

safans aanssaud sISISaT (SUIWIND

JTEPUNPAT :ISHAE SISISAM ‘palina
:Ajqeadasqo pue Amols spied

T RIrnEvridy e

*vopesuedzod ] few Lrjewmoad oqels
*aangsaxd q35q 18 Jsea eaweIou) 03 spudl 3ujziiieud aangsard

*uoproydde axngsaxd

cIuam
SIBEAXIIP nssaad : duUTULIOf

~aad 0} [EJUSWILIIOP 10U JEaw
’ 1 ! JJesuIdWOD 0} IAQE 10 JLIN MO
NOLLVSNIJINOOD ¥ uvim

.
&

2[ w pomnsuOmap uopesnedwod jo saadap suzog

~ageNEa] SASTaloop
~ asnssaad :Buieas anes pood
:ofqeioauod 1 3lqeiopatd

‘poyeiazanim Suppwoy ‘g1quisnfps proT - axnssaxd gamg v afeweor conpex 0} spuNy z :papeof A[1peal fIquuLIouo)
ormwudp pws opwle 1 Ange Supro] S3WI Aewoen Bujz1220u0 AXNEUALd *I01ABYEq S{qUOfPaId AqEnOseay WSINVHOIW ONITVIS 1
SADVINVAQVSIQ SADVINVAGY ONLLVYE SHOLOVA TVILNASST

AJYd
s9/2t aLva

IVIIN 1I08 ~ TVIS uDu =T XDISHA

VI IOVIS-GNOOES THNSSTUA MOT - OXLLVY IS

A-33



‘opIs|IelouIEyd aunssaxd *SA uOROKL) Suyspy SSENANNOD

*g[Bas- A YA aousrodxe eAjsuoIXT

-

“yorvodide
SWITS I XD 1S
JONIMIINXS H

*gj-tmt saambey ‘3OO

axngsaxd uj dn MOYS J0u AW JUANNALD JO UOTISTWID ‘PO
29A0 ,,3uqoiaxys,, Ul aIud goxagndbey <308 juduruiiod
pus gprol Jupawaq W3R 0y enp Ajpauvo uy wef o) spual

*309qo axnssaxd uj dn moys (|A
pum K[ou1] Jou sjuswiele (898 JO UONE(IHISU] SeJaAeH

+3004dj00] “paxmhag
1001 "dads ou ‘yreisui 0y Ase3y
ALITIUVADIAYAS "¢

*paajnbor SeRIOIIUICUED Jo [0XIT0D ol ‘Xapdwod

*gUO}088 UR() U SUIYOBW 03 dAjsuadxa Arare) odeys-A

°afqwurjoeul
‘aamgoejnuews o} Ased
LS00

2y

Sujzidaoua aansgaxd vw- speo] Sujreeq ydy jo asnevaq -

YS[ oq Avx wopPolXd "pod payeld swrsy axpnbad Aely

*, 033138, 0 enp Bupesuaduiod

~J19§ “uoisumedx?d JO JUIIOIICD PYITRUT T{IM

- Cauesuddwod jjos
tajqeiivAr Joljoa aanssadd to
Suroueeq axnssaad-uonoiag
0] {pox uo Sunreid o1j0x3 ON
¢ *dxa jo. "J200. aiquedwio)
STUNLYII NDISTA "1

SHOLOVJ ATAvHIS3AA]

*siquojidde
A(resoual wopperndijuos qIiA 20UILIdX0 SHOJASI Y

*3uWn IPqeuoseas ul pasinboe
aq ueo Jo aqeireAe afpapwouy
TVIINILOd WHAL LHOHS °t

~godans
azngsard Supuwisyifa 3o ojqede) " SINAWOLS JUTPUNPIY

~saldans aunssaud §I9ISA (SWARUID

NEPUNPaI {ashqe sisal ‘pading

: A1qeAda9qo pue Simoys spied
XIrgvIiay €

mow{qo udiszo} £q efwwrep 03 orqndeosns ediy Jujrees

*33B1 asam esvaxoul A JujziAIous SINSSOX |

*899351803d JeaM St Inooo Lvw gopouny Suyiwes jo
I3j8URI} weAsUACT I LUOIAXIL,, MM uopesusdwo)

i ~IeIN
sagealdIp aanssatd : aouCWIO)
~Jad 0) jeIUdWILNIOP 10U JBAM
sesuaduiod 03 3lqe 10 Jeom MO

NOLLVSNA4dINOOD T UVIMN 2

*peo] Smaweq Y3y pus dif uiy) Joj YAy oq Svwr ojeI JBM

*peysiasiem eaw Suppro] ojwuwuip pus SRS

*aiqeIsnipe psol
*aZwyear axnssead yBq soonpex Suyz2raus sanssaxd
-alqeopadd A|qeuossal JOJARYSY “S[ejLoIBul

230 QM uoaoxd Rayjeas opyms pue enhjuyoos Suppsoy

aanssaad :Burpeas oneis pood
+ TeqqElieucd (ajquiopaad
ipapeof A[prax !IqUULIOUO)

S agTHES] S9SCadoap -

NSINVHOII ONITVIS 1

mm0<.—.z<>.ﬁ<mna

A3Y
T ez Aiva

SADVLNVAGY

SUOLOVA 1VILNASSA

AIVIIN QEVH - IVAS-A - € NOISAd

vAS AOVIS-ANODAS FUNSSTHI MOT - HNILVH IVHS

A-34



*[221139 Jou SY YOO Ji 1898 03mis afuis Jo ‘1ves a3uls 1811} 10] AATING 0 LW SINAININOQD

 -anoqe (1) o8

. *yocoadde
WIS Yum “dxa yse

d FONARIAAXE  H
. ‘gD
exnggaxd uj dn moys Lyqrqoxd (114 UORIETIRISU] : vjooadioo) “paxinbaa
xodoxdw] ‘pox 1aao ,Supoiaris,, o worqord z {00} *oads ou ‘feisui 03 sy
up-uns gexpnboy gose0 Jyy xode], “Apredoxdury (feIsul 03 YOUFIA ALITIVADIANIS L
*uoplonpoxd uy 21q)sBaY 9q Anw Fupanp “afqenIgoTw
y3noy .u&uﬁno?uaw - matqoad £310113U0u0d 1 ‘aamorymrewt 03 Ase
“[eo11a0 6q St Jade], “[[RM UO SOUWIDI0} IEOLD ayqnop oN armoemuew oy Ases Afarey ‘eidus 180D g
~duryesuadwiod jias
faqeireae joas axngsaad 1o
Supouejeq aunssard-uonolay
*Jo1Iax oansgaad 03 anp WOTIDLI] MOT “pol rpd M0} ¢pox uo Juneld onoxs oN
B 9WOIYD PASH  °, o198, 03 Inp Hupesusdmod-1iag z {+dxa jo "Jeoo siqneduro)-
*aJjf avam 189q J0] pod pajed sureyy axjnbaz Lel *uojsuBdX® JO JUSINJJI00 PAYDOITW-TIM STYNLYAL NDISIA 1
SHOLOVA uqm«dnmuoL
' “swy} ajqruosear uy parmbor
. *eyuneAS 03 £s30 LjeArIeIay 9q ued Jo afqe[reae Adpopaouy
*OW ) JoYs I0J peysag A[snojaard nopmandyuod (4 TVILNALOd WAL LHOHS “H

. *dmiosq 1oy 8adans axngsaxd
Suppueisyiia 30 ojqedEo aq jou AR]{ SIUSWOYD JUYPUNPOY ON

*spafgo
udtexoy 4q aBewep 03 aApsues f1z0A0 JON °QAOqE 99

»

Fsalung arnssaxd sisisar tsuawald

JuEpUNpal losnqe sysisar ‘paddng
< Alqeaxasqo pue Amofs spieg
- ALITIEVII3Y X

*uD3AN,,

“Ie3M
$ISEAIDVP axnsgard : JouTULIO]
~13d 0} TEIUWILIIOP J0U JEIM

*{saxs w0 pesvoxonr) ©1 anp Jazaqu) uopesuedwoy ‘renprad Ajqevqoxd IBam Z {oyesuadwiod 01 Iqe 10 Jeam Mo
_aanggaxd 10BIU0O I9MO0] 03 9P J2am NIM SeNeo] pessaroul J911a1 eunssald puv GONOOS 189M UNY} OU - OJBX IBOM MO NOLLYSNAJIKROD T UVIM ‘2
.mmmﬂﬂu SISTAOIP
. aunssaad :Surjeas oners poold
*{eos oyurendp jo juspuedapuy .*9qe[1o1Iued *3iqeiopald
*a1qeIsnfps jou proT - [e98 SPWS "JojAryaq e[qriopald Alqeuosvoy 4 *popeo] Afipeat ‘alquiaaouo)
*JOIABYAq Jojion aanssaxd uy juaraquy adweyesy IgES ‘Supiess opjely puw anbruyoes Buspro] pojurisuoutaq WSINVHOIW ONFIVAS 1
SADVLNVAQYSIA . SAOVLINVAGY SNLLVH

A3YH
TTTESRYTT aiva

SHOLOVA IVILNISSE

TVLIN QUVH - IVES.AIT - @ NDISAQ

IVAS IDVIS-ANODIS TUNSSTUI MOT - ONILVY VIS

A-35



*S00JAXOS ANINN 10 9301498 103300 A 98818~ X0 PAINS 193 - ONEISOLILYO AINGSAId *$A TOPOLIY Suerd  TSINAININOD

*uopeanfuod I SoudIadxs snojaexd

“youo.idie
WS UM N s

. z FONAMIAXY ¥
-sdy o17838 SUIPBOLI0A0 PIOAR 03 qOUSIA *Joordjuoy “paxmhal
onbxo} axmbox ey ul-unl sexboy “YOHP© axnssaxd uy *POX XSA0 1 1003 -oads ou ‘jjeIsul 0y Ased
dn Supaoys MO PoRIIwe g ABW SIUSWOLS [EST IJUWOS wY4o310138,, 03 Ap8a f{eanyI1ar sdil U [(PISW} 03 As8o ALxpey ALTIIGVIOIAMIS ¢
w *noyonpoxd o oqisea; oq Aewr .uﬁ«ﬂﬁu&
' Supacap ySnoy  -Supasyuso jras - wmarqoxd A3jo1IIuaousd 4 ‘axmoenuew 03 Ascy
i Iqnop oN “armoejnusul o} Asvo pue ejdwis AR ~ IS0D ‘2
! ] “Huprsuadwoo j{os
! ‘ajqeiIeAR JONjad aanssaad Jo
Surourjuq atnssaad-uonoNIj
mof {poa uo Juneyd o10xXd ON’
-Suyz18aous axngsaxd pue epeol Sutarsq YAy Jo esnvodq 013318, 03 anp Supesuadwrod-Jiog 1 tedxa Jo 3200 aqurdwo)
43 9q LW wopPI *pot paterd sweyy axpnbax A3 *uojsuedx? JO 3USIOIFJP00 POYOIRI-{{IM STUALVIL NOISIA  °1
SHOLOVL 3TadvHISIA
*3wn} Jqeuoseax uy parinboe
aq wed X0 aqeireae aSpapwoun
*PRUITNO0P VOTIBINFUCO T4 POULNLAXD SNOJAIJ z TVIINILOd WYL LHOHS °F
"safans aznssaad §1515aL (SARWID
. WEpANpaAL Je SISIsa ‘pasing
“gJuIWelS JUTPUrPIY z : £]qeAxasqo pue Amols sjied
*5309{qo uBiaxo] 4q eBwwrep o3 srqndecens aq Aew adif Sujtuag *gafins axnssard Jupuvisyia Jo oqedud _ ALMIEVIIIY ¢
R UETY
) SISTAIIIP AANSSALd 1 DUTULIOY
. .xﬂ weaxisdn Jo 98I I¥oM ot ﬂoﬂdnﬂaﬂ-a Uy ITTAIOU] WO ~Xad 0} [RIUIWIIII JOU JBON
aseazouy Lew Sujzrlieus axnssald speo] Jupresq qg Suppiacad ‘2IN000 J¥OM S¥ WRAIISUMOP uOnOuUMy Sujtros 1 ‘ayesuaduiod 0} IIQE 10 JTOM MOTT
pu dif onp 105 Q1Y 9q Lewr sdi] [ENPIATPU] JO 938X IBAM JojsuR) SUSWSF I LHOIAXIS,, QA J78] vopwsUadwo) NOLLVSNIJKOD 3 UVIMN °Z
; “advyca] sasealodp
! aanssaad :3urjras onwys pood
: *juspuadepu} syusunen(ps ojeudp pre TS ‘QqEIIOLINOD 1 HATIDPAId -
*sueunien{pe proj SywEuAD ON °IQB[I8A¥ 18 53030} *gumexSoxd 230 U} PAIBIISTOWIP Uaq STY govoxddy -4 1poprof A[ipral fa|qruLIouo)
Smydwrero 4l Inq ‘syied aSwywe] onwls ofqissod [wioA0g *a8myea] aanssaxd gl ssonpax SuyziSasus axnssard WNSINVHOAIS ONFIVIAS 1
SHOV.INVAGVSIA Tt Tg@oviNvAav ONLIVY SUOLIVI TVILNASSH
"  AdY TVLIN QHVH - TVISAIIY - H9 J XOisHa

“Te9/z1 KRAN

VIS IDVIS-ANODAS FUASSTUL MOT - HINLLVU VAR

A-36



SINHINKNOD

*EOLIRINAIFUOD. IBII(S JEYAIWOS YIA SOUSLIdXd sNoTASLd

‘yoroxdde
‘wye yns cdxa ised
JONIM 3XT

‘ul-UmX saxynboy
*HOOYD
sunsgexd uy dn aoys jou Lvwt gjuswsia Sutpvoy Jupsey

oo axnseaxd uy
dn moqs 0y AT - spIBAiOEY PITTEIFTT aq OF AIITUA

*jo0udioo] paxmnbal
. 1001 *0ads ou ‘{[eIsul o} Ascd
ALITvVIDIAYIS

“F

e

*gdi] T uo SHUSWAIINbIX-IUBIOT0} onoﬁu.

*oiqeanyqoRw A1peel ered Ny

“aqeuorul
‘aumoegymrewt 03 Asvy
1s0D

*pox pajeld sweyy axjnbax A3

*UONOI] SONPAT 0} IOBITEAR 3 Levw JojIad axnssead swos
* qOIaI3s,, 03 onp Jupesuedmoc-510S
ojsuedxa JO JUSIOPJI0D PHYIIEW-{[3MA

e

1ajqe[reAe J91at arnssaad a0
Suroueieg aanssatd-uorond)
mo} :pox uo 3uppeld o130%x0 ON
! +dxa Jo *Jaod Iqpeduod
STYNLVAL NDISIA

: "[98 Jo dy|
sﬂngﬂiﬂ.ﬂsoaﬂ!—ﬁﬁaoSsaanv:u:m

* Q. uS199p Qe 30UdNRAXT INOTAAX]

*3u1Ty Jpqeuoseal WY pasinhoe
aq WED 30 JqeireAr AFpapnouy
IVIINILOd WH3L LYOHS

*spafqo afjatoy 4q
aS8¥Iep 0} SAJIISUIR JEqARDos dI']  9109WIId JUEPUNDAL ON

© +galans eanssaad Ispun
aIn{s} oqdoaiseino jsupele joNno0ad Sfsw Sujx peo]

-gafxns axnssaid g1SISA I SWIMILD

Juepunpal tasnqe sIsisax ‘posSing

:A1qea1a9qo pue Almols spivd
ALmavii3y

‘utEiIsom adwredt
pus UOROIX} ‘983 Jeem 0} speof Sulaeaq Jo digsvORIROY

* qOtaI1E,, 01 INp JuSIeqUf eq {=w onrsuadwad

pEUELY
$98EAI03p Axnssald : OUTULIO)
-33d 0} [EIUDULLIIAP JOU JLIW

¢ gteguaduiod 07 IqE L0 JeaIM MOT
© NOLILVSNIJWOD 3 HVIM

.u...anm:nnﬁoa Ji9s

<

1

SYOLOVJ ITavyIS3Id

‘e

*301paad 03 NMOLFIP 1eqMswos ¢ Sujteos Ju 510491 ss01ig

*ojawisn{pe pvoT "s[Ue8 OJUrEUAD
pue ofims Jo juemmsnipe [enpiappa] “Iaequy Suj(sas opwis

z

“agenea] sasTaaoap

asnssaad :Surfeas onyeys pood
: djqelioauod.i dqeotpad
:papeof Ajipras ajquuitouo)
WSINVHIAN ONI'lIV3S

SIODVINVAAVSIA

AT
dLva

PO

89/2%

SIDVILNVAQY

DNIIVH

T

SHOLOVA 1VLLNISS3

TVIIN QUVH - VIS EIT - I NHISAd
1v3s ADVIS-ANODIS TUASSTEI MOT - HNLLVH (VS

A-37



SINIININOD

*9z]S poX ‘ul-Z/T Wi (95 YA 30uajxadxo gnojaald

“yocoadste
“wys gum *dxd Ised
JONIMIaXE P

‘uj-una saxynbay

“oayo aanssaxd uy dn moys {4 syuews]d SuyssIN
*SpIBANDEq POYIEISH] 2q jouue)

_*jocidjoo} “paximhax
1003 *9ads ou ‘fleIsur oy Ased
AITTIIVADIAYAS €

’ ) ) ‘SISqUIOW JAIY) [[8 WO
85&»&:023:30@829333@323%@22«&

Mmous Ima Snu.mﬂw md.:ua:a
*SpIBAIOTq PRfIEIST) 8¢ JUuaEeD

“aIqEuIoTw
‘aumoenuew 03 Ased
IS0 g

-puoy Supreaq g3 o 9emEooq Y aq APw uoROMI
“poa payeid awey soInboy

Gojsuedsd JO JUIOPINCO PAYIIBW {[DM

“Hunesuadwon jlos
tajqerreAr jorfas aanssaxd Jo .
Buroueeq aunssaad-uonolay
Mof {poa uo Junerd oyj0x3 ON
¢ *dxa Jo *Ja00 ajqreduio)
STHALVIL NOISIA "1

SHOLOVA ITAVHISIA

-

*gdods wexdoxd wigia doloasp 03 [sonoBadur) aq Aem
= Bupeog 03 Aawietrdoxd “parimbes JmemdojaAdp SAJSUNKI

*9wT) Fqruoseal ut pasnhoe
aq wes Jo Jqrireae ofpatmouN -
TVLINILOd WHAL LHOHS “F

* $1UBWLS JUBPUNPAT ON

~gyoafco udjazo] Lq afcurcp 8191931 LTI (LG
“juowars paBdny ‘9alans axngsaxd o3 jaCISISAY

-salins arngsald gISIS8al (SN

Juepanpas {osnge sisisax ‘padiiing

:Alqeaoeqo pue Ajmots spind
ALTIEYII Iy e

) <Sujads Supx 30 Lrjemosd
Aq pejrmy] pu ‘sopssusdizos X0 paxynbaz seoxo] YIH

*ma031un I 0y AjoMil Txe

*Iean

SIRTAIOAP axnssard : ouTULIO)

~Xad 0} [IUIWLIIAP 0T TN

t ageguaduiod 0} 9IqE 10 Jeam MOT
NOLLVSNIdAWOD T UVIM "2

*afmrea
. peseasout Suipjwzod ‘peol Suiads xejax Avw aunsgaxd

- T899 OFIMs 9Afljsod ON  “uUHUEW 0} HrOLJIP PYOT

*Anmiae Smpeot fenin poEnsuomag

“afeqea) sasealdop
aungsaxd : Suyros ones pood
o1qel{eaIned. : JqEIpaad
:papeof {pipeas fajquuiiouo)

WSINVHOAN ONI'IVIS. 1

SIOVINVAQVSIA

AdY
g9/21 ALva

SADVINVAQY

SHOIOVA IVILNISSH

IvIIN CEVH - TvIS DNIEAS ONIM DNIFO" - £ NDIs3a
Tvas FOVIS-ANOOIS FUASSTHI MOT - HNILVH VIS

“A-38



SLNIINKOD

*yoeoadide
s Y tdxo Ised
FONIAREI XA

ha s

R T

-jo0xd{vo]. “paxinbag
1001 -23ds ou ‘{leisul 0y Ssed
ALTTIAVIOIAYNIS ¢

‘*IqemyoTul
‘axmoejnueus 03 Asey
1s0D ¢

“Bunesuadwiod jos
fajqeIear Jorjad aanssadd 10
Suroueieq a1nssald-UOTIONL)
Mof {pox uo Juned o130%d oN
f+dxa Jo *J900 Iqnedwod
SIYALYAL NOIsaa 't

SYOLOVI 31dvHIsia

3T} J[qENIosEAr Ul pasnbor

A-39

*20puoA I uopounineo
. S«négg_gugﬁgﬂgggm

aq wed X0 J[qe{ieAE ofpapwouy
TVIINILOd WHIL LHOHS °F

* Aouepunpat
303 5382 Sujpeo] swwlojrun ulEKo 0} INOLNA

*gading aunssaxd S191SIY

-salluns aunssaud S1S1Saa  SWIWS[D

WrEpUNpad ' asnqe §1sisal ‘pating
bnn?-gmno put Lpmos sqivg
ALYl mz ‘€

*ady] x0 pot aSuwep Lewm £309{qo udjaz0d ‘GAOqE 395

. 'PIGTENE 10U 3] S3[qELINA
30 1013000 ogjdaxd I} INO00 e 2381 Jrom (HY ~ 3A0qE 9OG

*gopesusdmoo 10 Suppro| uewt3ne ABWT 3T LHOINIIS,

(S DETY
£282a109p aanssaad : a0urULIOf
~a3d 0} [RIUDWIIIIOP. 10U Jeowm
t yesuadulod 0} Qe 10 JedM MOT]
NOLLVSNAJIWOD 3 UVIMN ‘¢

*pajeioxzoju] Surpeo] SJWBUAD DUR O[IBIS [BOS OTWIRUAD ¥ S8
103302 8 xaouu% £33A aq 03 udisep ST UMOS 8wy ooudtiadxy

“tuezoquy 393,3_2 prog owmos  "poud Buyses opmig

*ageyea| sasvadoap

aunssaad :Juifess ones pooit

: I(qRIICIIU0D : AQTIdIpald

‘papeol A{iptad ‘aquiuaojuo)
NSINVHOIN ONTIVIS 't

SADVINVAGYSIA

A3Y
TTTTTTeS/Z1T alva

SUOIDOVA TVILNESSH

[MON PXeH - [838-X ~ N NOISAd

VIS FOVIS-GNODIS FUNASSTHT MOT - ONLLVH VIS




SLNIRNOD

‘yovwadde
WIS I Cdxo sed |

A3y

g9/21 aLva

TVLIEW QUVH - TV3S DAd - W NOISHd

*zopuea £q *durey (1.00€) xomol 3e pasaL z FONIRMAANT  F
: . *jooucdijoo; "pasmbaa
‘Up-un soInbayl "%ooyd exnssexd uy ‘Rooqd sxnsgard 1 100} “2ads ou ‘jEisui 03 Asey
dn soqs Lvw jnq ‘SPITAYDEQ POTIRISU] 9 WED T89S OPMIS ) dn MoYS PINOM PUB *SPIEAYOET PAYIEISU] 9q 03 Afexil 10N ALrHAvVADIAYES "¢
- * arqeuiyorwt
*[O1310. ATE [8IS OIS IO} SIOVLING DLIUIOUD ° ‘aamoenuew o3 Asey
puUB £213j0113020000 oldRNA "eAlsusdxo pue xojdwo) . 1s0D ‘¢
“Bunesuaduiod jjos
‘ajqepIeAn Joriad aanssaad a0
' Zmourjrq aanssaxd-uononaj
i - Mof tpox wo Sunend d11oxa O
i -arnsgaxd By I® sevvarduy GOIOIRS *upHIOIANIL,, ;I wopesuadwod 1 fedxa Jo 3000 ajqnedwio)
m *z0pusas 03 Suppxooos ‘pos pojeld surep) azmbax fe ~Jl98 oWIO§ *PIYIIBUT {[3M TOISWERXD JO FUAIOYJI0D SIYILVAI NOISFA  “1
! SHOLOVI ITEVHISId
*owy} Iqeuoseax ui pasnhor
5 = *Z0PUSA [t 1 aq ued JO Jqeirear aSpapmouN
gﬂo u1 mowmdoyaasp Smanbax wayy L1mosgxdoxd xerdwo) *3ousjsadxs Jwog IVIINILOd WHIL Lyous -t
-sodins axnssaud SISISAX S
- wuepunpal asnqe sisisar ‘pafina
*pox Jo djy 1 :£|quAasasqo pue Ajmofs spvd |
efvwep Sem 9300(qo UBIAI0] °JBAUISIS JUEPUNPAZ ON ‘puei3 doyoeq jo asnesaq ATreodoIIsEIed (18] 03 A1NIL 0N ALITIGYTIAY ¢
. ‘Xeon
. . SISEAIDAIP AINSSAI : IOUTWIOY
*gowjIne Supese ~23d 0} JCIUDMLIIIP JOU JBIN
#2852139 PTTOO YS1q a8nzo e dafins axngeaxc IEjIAjBUL 4 tapesuaduiod 0} aqe 10 JTIN MO
pawq pue dif Suress [rewe X0] Y31 oq AvwW X IBOM *uD1TY8,, 03 9T JUATIU) wopsTUAdo) NOLLVSNAJWOD T HVAM 2
- “afentay sascalosp
arnssaad :Juifros onels pook
+afewed :aqqeroaiuod aqeiopard -
*1sn{pe puw. [OXIU00 sassazoop SujzjRious axnasald *o0usjiedxa ginorq NS 4 :papeof A[Iprar ‘oquuiioo)
0} 3topHp 2upwoT Cxoqjedos peperol [ees djwwuip B oWIS owos 03 efqeiotpald Jojaegeg “ANiqe 3ujpro] patEssuOmaQ NSINVHIIN ONITIVIS 't
SADVINVAQVSIA T T §45viINvAGY - DNILVH SUOLIVA TVIINIssa

VIS IDVISSANOOTS TUNSSTUL MOT - INLLVY IS

A-40



*suoneojjdde aanssaxd g31q meyeds [0IIU00~-uaU 03 PAINS o LB SLNHVINOD

‘uBjsep Ie[JUIR MM cousiradxe ewog

.:u....r:...a
SWIS YIIM Cdxo 1sEd

m . *yueunign{pwat
pus gj-uns sexmbex Aqeqoxd Supaurgs J0310 pus [Nl gaIjnboy

*Yoauo eanggaxd
U} dn moqys pjnom pus .goﬂ pe[nIsu] oq 03 Ajeyjy 30N

*joardiooy “parinhad
{001 ~oads ou ‘1jeisul o) st
ALITIEVADIAYIS

JONIARIAXE ¥

g

12013110 s1xed Sujiewr Jo ssougIwnbg.

..no_uus.hunoo ojdmys S

" S[quuIqOTWI
‘asrgouew 03 Aseq

*(1¢ uSysaq o3 I¥[IKLS) po pelvid oure(; xynbhox aui !

*OfI01X]) U0 J001J0 STNY] §uY Aangsexd
*Zupssuaduwoo jlog ‘peqoINW {19 GOlUBAXS JO MUSIJE0D

S —

tajqeprean I91ad arnssoxd 10
Burouejeq sunssaxd-uononay
mof ‘pod uo Sunerd o1j0xa ON
¢ ~dxa jo *}200 ajqneduwo)
STHNLVI NDIS3a

*Suppeot 10} Lyomoas sapijsues pus xepdwod

‘I udiseq 03 Jerunyg

°swy IqenosTax uy paxmbor
ag ued J0 IqeIreAr adpajnoud
TVIINILOd WHAL LHOHS

‘pos adwwep v £309{q0 USjaI0] °IMGWIS IUNPUNPAX ON

*orwid
~do3s TONOEAT Jo eEnEoeq A[TeoIqdonIgwgEs [1e) ) A[e] 0N

-s3dans aunssaad Si1Sisal rsuswale

wepuUnpal 1 asnqe sisisar ‘pasiing

. :Ajqeaxasqo pue Apwols symd
ALTHgvItIy

*@O[0IINU] TO WOTIOY STWWRAPOIPAY GAROSHIe ON
*9paeds POI A0] 10} SjqUORsOnD @IOIIMING TO J095]9 SjurRRipaspiH
“TFIISITW PIWY pUS BAIV 30UIU00 ouy 203 Ajrenuy Q8 oq Lewt oyl JvO

‘Ivea €O
100719 O[N] 9% SIngsazd ‘SuIpwo[ Ul JWAISqT] BoRSUIdWOD

“AEIN

§98eaX00p aanssazd : ouTWLIO)
-Jad 0} [RUAWLITIP JOU JTIM
+33esuaduion o) Qe 10 JBOM MOY

1800 -
“Bunesuadwiod jpos

NOLLVSNAJIKOD 2 yvim

i)

1

SYOLOVJ ITdVHIsIa

i
“momen{pe [euy 03 SuHIEYe sejTHeI - 1SN{pY PUY (OIWOO

1 EoUTP SUTPRCT PRITLION] FUIPEC] (¥ OTIRALD pUS ORI
SIOVINVAAQVSID h

AJY
JLva

$8/3t

‘UMOYS FEMDOND j[eA 10} IS8
10 o0 AN veq arnesead ‘W fiseq o) Ipwis Supeo]
- SHOVINVAGY oo

IVAS JOVIS-ANODIS FUNSSTHI MO

¢

~adeyed] sasvaloap

arnssaud : Jujiros a13ers pooit
1a[qefjonued : aqmopard
‘papro] L(iprad !a[qruLiouo)
WSINVHOINW ONITIVIS

L

DNILVY

¥

SHOLOVA TVILNASST

(g NDIBIA VBV - O

IVIIR GUVH -~ (Z NDIBEA VEVN) < N NOIS3d

= ONLEVH VIS

A-41



NNB#264“

APPENDIX B
ERWTRTT VA"

High Temperature Hydraulic System Actuator Seals

The Contractor shall furnish the necessary personnel, facilities,
services and materials and otherwise do all things necessary for, or
incident to, the work described below:

The work to-be performed shall provide for the investigation of

materials and designs of seals for potential use with hydraulic

fluids in advanced supersonic aircraft. This investigation shall
be directed to seals intended to function efficiently and reliably

- for 3000 hours in the temperature range -400F to 6000F.

TASK I ~ Apparatus for Evaluation of Séal'Materials and Designs

AI

D.

Facilities shall be provided for the measurement of hardness,
elasticity, mechanical strength and other mechanical properties
important to hydraulic system seals.,

Facilities shall be provided in which seal materials can be eval-
uated at temperatures of 400°, 500°, and 600°F for chemical com-
patibility with five flulds to be selected by the Chntractor with
the approval of the NASA Project Manager. Periods of 150 hours
shall be used. The fluids shall be degassed and compatibility
shall be established in an inerted atmosphere system. Inerting
shall be accomplished with 99.99 percent by volume nitrogen having
an oxygen-content of not more than 50 ppm, a hydrocarbon content
(as methane) of not more than 50 ppm, and a dew point of -90°F or
lower.

Facilities shall be provided four a rod seal test unit using one-
inch diameter seals at 100 psi. Operation shall alternate between
operatlon at 30-40 CPM with + 2 to-£'4 inch stroke and 100-300 CPM
withﬁ+ 05> to +-.10 dnch- stroké to simulate maneuvering and auto-
pllot ‘inputs to the actuator. The fluid temperature levels shall
be 400°F, 500°F, and 600°F with the temperature for the seal in the
actuator unit no less than the fIuid temperature. Leakage and
actuator forces shall be measured.

Facilities shall be provided for a rod seal test unit using seals
of 1 inch and 3 inch diameters at pressures from 0 .to 4000 psi.
Qperation shall include a cyclihg rate of 15-20 CPM with stroke
length alternating from strokes ( + % to + 1 inch) to strokes
(+2 to+ 4 inch). Operation shall also include a cycling rate

- of 100-300 CPM with a constant stroke length ( + .05 to + .10 inch).

The fluid temperature level shall be 500°F and ‘the temperature of

the seal in the actuator unit shall be no less than the fluid

temperature. Leakage and actuator forces shall be measured.
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Each component of the complete fluid systems test apparatus shall -
be identified by a code number.which shall be scribed on .the
component. A complete log shall be maintained on each component
to include the following: Manufacturer's designation and spec-
ifications; materials certification report; inspector's report;
record of all tests (time and conditions): record of all post-

test inspection reports, including photographs and failure analysis
where applicable: record of all repairs and substitution of new
components. These logs shall be updated at weekly intervals and
maintained in a file which is available for inspection by the NASA
Project Manager. '

TASK II - Materials Selectinn, Procurement and Testing

A.

The following classes of materlals shall be considered for seals and/
or gland bearing materials. Ten materials shall be selected by the
Contractor with the approval of the NASA Project Manager. The selected
materials shall be obtained and formed into appropriate test specimens
for a one inch rod seal. In all cases, unless specifically approved by
the NASA Project Manager polished hard chromium plating shall be used
for the mating surfaces.

1. Polymide high temperature polymer (unfilled and metal filled)

. 2. Silver-metal composites developed by Illinois Institute of

Technology under Air Force Contract No. AF33(616)-7310

.3. 8ilver~polymer composgite (Polymet) -

4, 8ilver-base alloys or other soft phase duplex structures

5. Other metallic matrix materials

6. High stremgth metals (steel, titanium, cobalt, etc.)

7. New types of high temperature elastomeric materials

8. High temperature carbuon graphite

Tests measuring bearing characteristics, hardness)elasticity, mechanical
strength and other mechanical properties important to hydraulic system
seals shall be made on the selected materials. All properties shall be
determined at the projected maximum operating temperature, except hardness.

Chemical compatibility tests with five fluids selected by the Contractor
and approved by the NASA Project Manager shall be made at temperatures

. of 400°, 500° and 600°F. It is anticipated that these five fluids will

be of the following types:

1. Chlorinated phenyl methyl silicone, General Electric Co. - F50

2. Super-refined mineral oils, MLO 60-294.

B-2
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3. Monsanto Co. MCS 293 modified polyphenylether.

4. Monsanto Co. MCS 310 Halogenated polyaryl fluid.

5. DuPont fluid PR-143-AB, fluorocarbon.

Using the results of these tests the Contractor shall select five
materials from the ten materials tested for further investigation
under the following TASKS., The five materials selected shall be

subject to the approval of the NASA Project Manager.

TASK ITI - Seal Deaign Development.

A. Seals shall be designed which most effectively use the mechanical
properties of the individual materials selected in TASK II for
further investigation. Design studies shall provide for such
consideration of the selected materials as to give optimum rod-
end seal designs for each material. Such designs may logically
provide for spring mounting to compensate for reduced elasticity,
pressure balancing to improve endurance and the use of coatings
or films as needed because of varied corformability. The seal
designs shall be subject to the approval of the NASA Project Manager.

TASK IV - Low Pressure Tests

A, The five seal materials and designs shall be tested in the one-inch
diameter 100 psi pressure rod and seal test facility described in
TASK I. The best seal material and designs from one (1) inch diameter
test shall be evaluated in three (3) inch diameter seals under other-
wise identical conditions. ‘The test fluid shall be chlorinated
phenyl methyl silicone unless the NASA Project Manager directs that
another fluid shall be used instead. Operation shall be for 50 hours
(or until seal failure, if less than 50 hours) at each of the fluid
temperature levels 400°, 500°, and 600°F. Operation shall alternate
between operation at 30-40 CFM with + 2 to + 4 inch stroke and opera-
tion at 100-300 CPM with + .05 to + .10 inch stroke. Seal leakage and
actuator forces shall be measured. Seal leakage in excess of one drop
per minute or a two-fold increase in required operating force shall be
criteria for seal failure. These criteria may be modified with the
approval of the NASA Project Manager.

TASK V - High Pressure Tests . .

A. Three materials selected by the Contractor from the results of the
low pressure tests and approved by the NASA Project Manager shall
be tested in the O to 4000 psi rod seal test unit described in
TASK 1. These tests shall run for a total of 3000 hours or until
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seal failure occurs. A single test apparatus capable of both the
low pressure tests described in TASK IV and the high pressure tests
to be described in this TASK V may be used. Rod end seals of 1 inch
diameter and rod end seals of 3 inch diameter shall be tested con=- -
currently in the same unit at a pressure of 3000 to 4000 psi with
the following operational cycle:

1. Operation for 35 minutes at 15-20 CPM alternately using + 1/2
to + 1 inch stroke and + 2 to + 4 inch stroke. Fluid Tem-
perature shall increase approximately linearly from 100°F
to 500°F during this period. Ambient temperature shall be
increased in a 150 minute period.

2. Operation for 125 minutes at 100-300 CPM using + .05 to
" 4+ .10 inch stroke. Fluid temperature shall be at 500°F.

3. Operation for 20 minutes at 15-20 CPM alternately using + 1/2
to + 1 inch stroke and + 2 to + 4 inch stroke. Fluid tem-
perature.shall decrease approximately linearly from 500°F to
1009F during this period. )
In addition, a single-stage high pressure one (1) inch diameter seal,
fabricated from the best material under Para. "A", TASK V, shall be
developed and evaluated in the endurance rig described in TASK I, at:

1. Temperature, 5000F.
2., Pressure, 3000 psi, maximum,
3. Test profile described in TASK V, Para. A.

4. The seal shall be designed and tested to failure or 100 hours

with subsequent redesign and testing subject to approval of the
NASA Project Manager.

For all operations seal temperatures shall be no less than the fluid
temperatures. Following every 20 such cycles the seal assembly"
shall be subjected to a 4 hour cold-soak at -40°F ambient. The
leakage in the cold system shall be checked at the end of the soak
period and continuously during warm-up prior to the subsequent
operational cycle.

The operational cycle described above shall be considered typical

of test requirements but shall be subject to redirection by the:
NASA Project Manager. The test fluid shall be chlorinated phenyl
methyl siliconk unless the NASA Project Manager directs that another
fluid shall be used instead. 4

Seal failure criteria sufficient for the termination of a run are
leakage in excess of one drop per minute or a two-fold increase in
operating force.
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APPENDIX C
SOURCE OF MATERIALS

Polymer SP
Polymet
Silver alloy

Nickel Foametal

Westinghouse Composite

Metco flame-plate

Vascojet 1000

Silver impregnated fiber composite
Cobalt-Molybdenum alloy

(75% Cobalt, 25% Mo)

G. E. F-50 silicone

MCS-293
MCS-3101

PR-143AB
MLO-60-294

Graphitar

E. 1. DbuPont de Nemours and Co. Inc,

. The Polymer Corporation

Handy and Harmon Co.

Metallurgical Department
General Electric Company

Westinghouse Electric Corp.
Metco Company
Vanadium - Alloys Steel Company

Republic Aviation Division
Fairchild Hiller

NASA-Lewis Research Center

General Electric Company

Monsanto Chemical Co.

E.I. DuPont de Nemours and Co. Inc.
Humble Oil & Refining Co.

United States Graphite Co,



